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Four New Speedomax Recorders 
To Plot Lab Data Automatically 


To save the researcher from tedious curve 
plotting, here are 4 new Speedomax Recorders. 
There’s a double pen recorder to put two con- 
tinuous curves on the same chart... there’s a 
recorder for ‘‘X-Y’’ curves . . . there’s an adjust- 
able range-adjustable zero recorder for narrow 
ranges at high levels... and there’s a recorder 
for photomultiplier tubes. 


These instruments are standard production 
models, ruggedly built ... yet remarkably accu- 
TYPICAL RECORD “eet rate. Reason is null-balance measuring circuit, 

"RECORDER i skillfully engineered for high precision. Because 
recorders are thoroughly filtered and shielded, 


interference from normal stray fields is eliminated. 


High speed response is another Speedomax 
advantage. Recorders traverse 97%” scale in 1, 2, 
or 3 seconds as desired. 


DOUBLE PEN RECORDER 

plots 2 continuous curves on the same chart .. . 
overlapping or side by side. Any standard range 
applies to either pen. Chart speeds from 1” to 
1800” an hour. 


THERMAL 
EXPANSION & = 


X-Y RECORDER TRAN SFORMATION 


OF STEEL 
plots any 2 variables convertible to d-c signals: 
vacuum tube characteristics, stress strain curves, 
etc. Chart travels 10” in 4 seconds... up or 
down. 

ADJUSTABLE RANGE—ADJUSTABLE 

used with load cells for force and strain measure- Hy 
ments; for measuring small changes in high seed At 
temperatures; for studying speed changes over or omen 
narrow bands, etc. 
records light and other low level radiation. With a 
high gain amplifier built in, recorder connects a 
directly to photomultiplier tubes. > 
Further information on request. We’ll be glad Be ge 
to help you solve any special problems, too. Just Pa RMT 6 
write us at 4926 Stenton Ave., Phila. 44, Pa. PRET RIA OF 

LIGHT FROM A 
‘ MAZDA LAMP 
LEEDS & NORTHRUP CO. 
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yi}SURGICAL FORUM 


1950 Clinical Congress of the 
rs. 
n- American College of Surgeons 
a 
st - 
Ww For the past ten years the “Surgical Forum” has been one of the 
ler most popular features of the annual Clinical Congress of the Amer- 
ican College of Surgeons. The papers of the 1950 “Forum” will be 
on published in March—the first time the “Surgical Forum” has ever 
~4 been available in book form. 
it, 
ise’ The “Forum”, a unique institution, provides 
th 
a e younger surgeons of America with an 
opportunity to present, each year, the results 
rt of their original surgical research. These men 


are selected by the distinguished Forum Com- 
mittee which includes: 


Owen H. Wangensteen Michael L. Mason 
Warren H. Cole Carl A. Moyer 
Robert E. Gross I. S. Ravdin 


Now with publication of this new volume, 
you can have at your fingertips this new 
surgical information, released only last Octo- 
ber at the 1950 Clinical Congress. In short, 
this book is your own preview of the very 
newest concepts in surgery and surgical re- 
search. Send in the Reservation Form today 
and be sure of getting one of the first avail- 
able copies. 


Surgical Forum. Clinical Congress of the American College of 
Surgeons, 1950. Foreword by Evarts A. Granam, M.D., and 
Introduction by Owen H. Wancensteen, M.D. 820 pages, 
64%,” x 9%”, with 260 illustrations. $10.00. 


New—Ready in March. 


W. B. SAUNDERS COMPANY West Washington Square Philadelphia 5 


Ship me one of the first available copies of the new 
SURGICAL FORUM 


(0 Charge my account on Easy Payment Plan C) Remittance enclosed 
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= The high-pressure mercury are of the Scopicon is the 
brightest light source ever employed for microprojection. 
The focal spot employed is roughly 1 mm. square: its pin- 
point character permits flickerless projection of crisply de- 
tailed images up to ten feet across even under oil-immersed 
microscope objectives. The white color exhibits the various 
biological stains to splendid advantage May we send you 


the brochure describing this versatile new instrument? 


MASS DEMONSTRATIONS IN THE AUDITORIUM 


The projectionist can follow a specimen through a progressive seriés of 
ever-closer localizations, from its gross aspect to its ultimate microscopic 
demonstration under oil-immersed objectives, 


SMALL-GROUP 
STUDY IN A NORMALLY LIT ROOM 


image is cast in a dark-chamber table height 
screen: each observer has a separate light- 
excluding viewing hood. 


SCOPICON, Inc. 
215 East 149 Street 
New York 51, N.Y. 
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Physics 


ECENT progress in physies has been marked by the 
performance of good experiments rather than the 
emergence of fundamental unifying ideas. Anderson 
and his colleagues at the California Institute of Tech- 
nology, and Steinberger and his group at the Univer- 
sity of California, have confirmed the earlier observa- 
tions of Rochester and Butler, and there is now good 
evidence for an electrically neutral meson. Also, groups 
of investigators at the universities of Rochester and 
Minnesota have established the important role of 
heavy particles in cosmie ray events. The pioneering 
exploration of the nucleus just prior to and follow- 
ing the war is giving place to the careful quantita- 
tive experimentation necessary for the formulation of 
an adequate theory of nuclear phenomena. A start, but 
only a start, has been made on the careful measure- 
ment of the energetics of nuclear processes. The cur- 
rent theories of nuclei are heuristic and phenomeno- 
logical, and the firm establishment of a general theory 
must apparently await the accumulation of more re- 
liable and quantitative data. 

War-born techniques have contributed to some of 
the most interesting recent experimental advances in 
atomic physics. Facility in the generation and meas- 
urement of radiation in the microwave region in the 
hands of many groups throughout the country is lead- 
ing to the precise determination of the small energy 
intervals characterizing hyperfine structure in atomic 
and molecular spectra. This new technique is com- 
parable in power to the development of the ruled 
grating by Rowland, and it leads directly to the pre- 
cise measurement of magnetic dipole and electric 
quadrupole moments of nuclei. Precision measure- 
ments of the precessional frequency of the proton 
moment in known magnetic fields by Hipple and his 
colleagues at the National Bureau of Standards have 
not only yielded an absolute value of the ratio of the 
magnetic moment to the angular momentum of this 
elementary nuclear particle, but have provided a 
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simple and valuable general technique for determin- 
ing magnetic field strengths in terms of frequencies. 
Extensions of such experiments to the measurement of 
characteristic rotational frequencies of ions in known 
magnetic fields by Hipple and also by Goudsmit and 
Smith at the Brookhaven National Laboratory promise 
to yield considerably more precise values than we have 
at present for atomic masses. 

Finally, these techniques of precision frequency 
measurement in the microwave region by Hanson and 
Bolt at Stanford have led to a more accurate measure- 
ment of the velocity of light than we possessed hereto- 
fore. This is a fundamental parameter in atomic theory 
and an essential copulative datum between high-energy 
radiation, which is measured fundamentally in terms 
of a length, and low-energy radiation measured in 
terms of a frequency or time. It is interesting to note 
that the value obtained for the velocity of light by 
Michelson and his assistants over two decades ago was 
recently called into question by certain geodetic meas- 
urements of Aslakson, and the program started by 
Hanson for measuring the resonant frequency of a 
cavity with a precisely known dimension has corrected 
the value of this quantity, as well as extending the 
precision of the measurement. 

The applications of physical techniques have stimu- 
lated other fields of science. The most striking recent 
instance is without doubt the use of the techniques of 
radioactivity in conjunction with artificially prepared 
radioactive substances in chemistry, biology, medicine, 
and archaeology. Tracer techniques furnish a method 
of attack upon the problems of organic materials and 
the processes of living organisms. These problems are 
of such magnitude and complexity as to appall the 
mere physicist, and he can but proffer this method in 
all humility to those courageous investigators who are 
undertaking to unravel the mysteries of a living cell. 


G. P. 
Randal Morgan Laboratory of Physics 
University of Pennsylvania 
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Improved Mobile 
Infrared 
Spectrometer 


Analytical Laboratory On Wheels 


Mounted on a sturdy metal cabinet, the im- 
proved Perkin-Elmer Model 12-C Single-Beam In- 
frared Spectrometer is instantly ready for opera- 
tion wherever electricity and water are available. 
It may be moved anywhere in a plant or laboratory 
for rapid, accurate, on-the-spot analyses for re- 
search problems, pilot plant evaluation, or process 
contrel. 

Mechanically, the wavelength drive has been 
redesigned for automatic speed change program- 
ming, reducing recording time. A densitometer 
attachment reads directly in absorbance (optical 
density) or transmittance (per cent transmission) . 
Combined with thermostatting of the spectrometer, 
accurate quantitative analyses are now easily ob- 
tainable. 

The specially designed caster-mounted cabinet 
has ample storage space for accessories, samples, 
notebooks, etc. The protective door over the con- 
trols opens down to form a convenient work shelf; 
a similar door over the recorder slides back to 

rmit making notations on the recorder chart. 

emovable back panels allow easy servicing. 


These improvements are also available for 
present Model 12 Spectrometers. 


Write for complete details. 


THE PERKIN-ELMER CORPORATION 


NORWALK, CONN. 


Leading manufacturers of Infrared Spectrometers, Con- 
tinuous Infrared Analyzer, Universal Monochromator, 
Flame Photometer, Tiselius Electrophoresis Apparatus, 
D. C. Amplifiers, and other electro-optical instruments 
for analysis and research. 


PHOTOVOLT 


Radiation-Detection 
Densitometer Mod. 400-R 


95 Madison Ave. 


A self-contained densitometer for the accurate meas- 
urement of density of dental-size X-ray films as em- 
ployed in film badge systems for personnel monitoring 
in radio-activity laboratories and X-ray installations 


Write for Bulletin #490 to 


PHOTOVOLT CORP. 
New York 16, N. Y. 


$225.— 


NUCLEOPROTEINS 
and 
DERIVATIVES 
Adenosine Triphosphate Hypoxanthine 
Adenine Inostine 


Adenine Sulfate 

Adenylic Acid 

Adenosine 

Cozymase 

Cytidine 

Cytidine Sulfate 

Cytidylic Acid 

Cytosine 

Desoxyribonucleic Acid 

Fructose-6- Phosphate 
(Barium) 

Glucose-1-Phosphate 
(Potassium) 

Glutathione 

Guanine 

Guanine Hydrochloride 

Guanosine 

Guanylic Acid 

Hexase Diphosphate 


Write for Revised Catalogue S#901 Listing 
a Complete Selection of Nearly 500 
Important Biochemicals 


NUTRITIONAL BIOCHEMICALS CORP. 
CLEVELAND 5, OHIO 


Iron Nucleate 
Maganese Nucleate 
6 Methyl Uracil 
Nucleic Acid (Ribose 
Nucleic Acid) 
Protamine Nucleate 
Phosphoglyceric Acid 


d Ribose 


Sodium Nucleate 

Sodium Desoxyribonucleate 
Ammonium Uridylate 
Thymine (5 Methyl 


rac 
Uracil 
Uridine 


Uridylic Acid 


ramil 
Xanthine 
Xanthosine 
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Microscope experts in the 
Leitz Service Department, 
New York, N. Y. 

No other microscopes made anywhere stand hard usage 

and passing years better than Leitz instruments. Even so, 


there may be times when damage and wear put your Leitz 


PROMPT, EXPERT SERVICE ON 

@ Rack and pinion adjustment 

@ Optical alignment and adjustment 
@ Parfocalizing of objectives 

@ Inspection and cleaning 


@ Replacement of worn parts 
Leitz Service Department in our New York plant, they stand © Other repairs on all model Leitz 


microscope in need of expert attention. 

It's good to know that whenever your microscope does 
need repairs or reconditioning, you can rely on the skill and 
experience of technicians schooled in the Leitz traditions of 
craftsmanship. Manning the completely equipped and stocked 


ready to assist you whenever the need arises. Microscopes. 
For information, write Dept. SC 
E. LEITZ, Inc., 304 Hudson Street, New York 13, N. Y. 


LEITZ MICROSCOPES ¢ SCIENTIFIC INSTRUMENTS © BINOCULARS 
LEICA CAMERAS AND ACCESSORIES 
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THE NATIONAL INSTITUTES OF HEALTH— 
Microbiology and Immunology Study Section, 


THE U.S. DEPARTMENT OF AGRICULTURE— 
Bureau of Animal Industry, and 


THE NATIONAL RESEARCH COUNCIL— 
in September 1949 held a Symposium on 


BRUCELLOSIS 


The 24 papers presented by 30 authors have been published in book form 
by the A.A.A.S.: 6 x 9, clothbound, illustrations, tables, references, author 
and subject indexes, VI +271 pages. 


BRUCELLOSIS presents the advances in knowledge in the prevention, 
diagnosis, and treatment of this disease. Practicing physicians, veterinari- 
ans, and public health workers, are vitally concerned and should be 
familiar with the many aspects of this problem treated in BRUCELLOSIS. 


SHALL WE REPRINT BRUCELLOSIS? 


The first printing of July 1950 has been sold out. The book will again go 
to press on February 5th, and this time the type, previously held, will be 
destroyed. We do not intend to order many copies for stock, because we 
expect rapid progress in brucellosis research. 


WRITE US AT ONCE to secure 


your copy. Price $4.00 


Prepaid orders by 
AA.A.S. members $3.50 


RDER 
---------- ---- No 
Tc A.A.A.S. WwW 
1515 Mass. Ave. N.W. Please accept my order for .. copies of BRUCELLOSIS: 
Washington 5, D. C.. 0 Send invoice. [Check for $........ is enclosed. 
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Better Service. 


NEW CITY, NEW YORK 


the same uniformly dependable 
LABORATORY ANIMALS 


The continually increasing demand for our CF strains of 
mice and rats is evidence of the confidence being placed in 
their uniformity and dependability. Unfortunately, there 
have been occasions in the past, when it was not possible 
to meet all demands. Now, however, CARWORTH FARMS 
is pleased to announce that there are three sources for CF 
laboratory animals. 


Our expanded production facilities now make possible a 
more constant availability of the finest laboratory animals. 
And, to assure the same uniform dependability, the most 
modern methods of housing, caging and feeding and the 
all-important genetic factors have been standardized at 
each point. Faster and more efficient shipments are now pos- 
sible from the source nearest to the point of order. However, 
all orders or inquiries should be directed to: 


CARWORTH FARMS 
NEW CITY, NEW YORK 


A complete listing of available animals will be mailed upon request. 
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IN IMAGE QUALITY 

Improved apochromatic objectives, precision- 
constructed to exacting Bausch & Lomb stand- 
ards . .. to give you clear, sharp distortion-free 
images. The entire optical system is BAL- 
COTED to eliminate internal reflection and 
reduce flare . . . to ensure image brilliance. 


IN LIFETIME ACCURACY 


The patented ball-bearing fine adjustment is 
an extremely slow-motion control to provide 
accurate measurement of specimen depth. It 
permits repeated settings for its planes of 
critical focus. 


IN CONVENIENCE 


Lower fine adjustment, for greater operating 
ease. The binocular body is quickly inter- 
changeable with an optional monocular tube 
for photomicrography, measuring, 
micro-projection, etc. Your choice of 
three precision-built substages, each 
with extra-wide bearing surfaces. 
The stand is sturdily constructed and 
well-balanced to insure solid stability. 


WHITE « sod 


catalog to Bausch & Lomb Optical Co., 
_ 642-2 St. Paul St., Rochester 2, N. Y. 


BAUSCH & LOMB Sorted RESEARCH MICROSCOPES 
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Max Planck, the Man and His Work’ 


Walter Meissner 


Laboratory of Physics 
Bavarian State Experiment Station of Technology, Munich, Germany 


HENEVER I THINK OF Max Puancx, 

my venerated teacher, with whom I took 

my doctorate in theoretical physics and 

with whom I was connected for thirty 
years in Berlin, I have an exalted and solemn feeling. 
I think of him, as the whole world of physicists does, 
as the creator of the world-shaking quantum theory; 
but for me he is even more—all that is one with truth, 
and hence with justice. He was never swayed by the 
opinion of others, not only in seienee. but also in 
human relations, because he followed the path which 
he thought was the only true and good one. And this 
he did, not intolerantly, but in his own most modest 
manner. Never did he wish to appear more than he 
was. And this enhanced his commanding and gracious 
personality. 

Planck’s manner was determined to a certain ex- 
tent by his education and the circle in which he grew 
up. He came from a family of jurists. He was born 
April 23, 1858, in Kiel, the sixth child of Wilhelm 
Planck, professor of law, and of his wife Emma (nee 
Patzig.) In his ninth year he moved to Munich, where 
his father had been offered a professorship at the uni- 
versity. The physicist Planck inherited the correct 
juridical way of his family in the administration of 
any position; for instance, as permanent secretary of 
the Prussian Academy of Science, he insisted upon the 
strietest objectivity and exact adherence to rules or 
decisions. He directed meetings in correct parlia- 
mentary manner, and always in his own charming and 
gracious way. 

For a correct picture of Planck’s personality, one 
must consider his training and his work. In Munich, 
Planek was a pupil in the famous Maximilian Gym- 
nasium where, at the age of seventeen, he passed the 
university entrance examination. At first he -was~<un- 
certain whether to select classical philology, music, 
or physics, but he finally decided on physies, in spite 
of the fact that Jolly, then professor of physics at 
the University of Munich, advised him agaimst it, 
since in the field of physics there was nothing new to 
be discovered. Music remained’ for him a source of 
delight and recreation for the rest of his life. 

Planck’s decision to study physics may be at- 
tributed primarily to his mathematics teacher at the 
gymnasium, Herman Mueller, to whom he owed much, 
and through whom he became acquainted with the 

1 Translated from the German by members of the Depart- 
ment of Physics, Purdue University. Based in part on Max 
Planck's Wissenschaftliche Selbstbiographie, Leipzig: Johann 
Ambrosius Barth (1948); English trans., New York: Philo- 


sophical Library (1949). See also Meissner, W. Ber. Bayer. 
Akad, Wiss., 1 (1948). 
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principle of the conservation of energy, which later 
became the subject of a prize essay for the Goettingen 
Academy. Planck studied in Munich from 1875 till 
1877. There he was far more attracted by the mathe- 
matician Bauer than by the physicist Jolly. It was 
Bauer who stimulated Planck’s enthusiasm for higher 
mathematics and its unique methods of reasoning. 

From 1877 to 1879, Planck continued his studies 
in Berlin. There his scientific horizon was considerably 
broadened -by attending the lectures of Helmholtz, 
Kirchhoff, and Weierstrass; and the pioneering work 
of these research men was readily accessible to him. 
However, the lectures of Helmholtz were not, as 
Planck wrote later, of any particular advantage to 
him. With the exception of three (including Planck) 
the students finally stayed away. In Planck’s words, 
“We had the feeling that in these lectures, Helmholtz 
was at least as bored as we were.” Here was another 
example of a genius who is not necessarily a good 
teacher! Planck had similar experiences with Kireh- 
hoff. “His lectures,” says Planck, “gave the impression 
of being learned by heart; they were dry and mo- 
notonous. Nobody dared to doubt anything. As a 
consequence we did not learn very much, because one 
only learns by asking questions.” Under these cireum- 
stances Planck was able to fulfill his desire for scien- 
tifie knowledge only by reading on subjects of interest 
to him, and these happened to be subjects connected 
with the energy principle. He found the papers of 
Rudolph Clausius, written in lucid, understandable 
language. He said later that their illuminating clarity 
impressed him so tremendously that he became en- 
thusiastically absorbed in their serious study. 

Planck particularly appreciated Clausius’ precise 
formulation of the two laws of thermodynamies and 
the clear distinction between the two. Up to'then, as 
a consequence of the theory of heat as a substance, it 
was assumed that the transition of heat from a higher 
to a lower temperature was similar to the falling of 
a weight from a higher to a lower position. This 
erroneous idea was not te be displaced easily. Clausius, 
on the other hand, according to Planck, derived his 
proof of the second law from the hypothesis that 
“heat cannot pass spontaneously from a colder to a 
warmer body.” This hypothesis, however, requires 
clarification. It not only expresses the idea that heat 
does not go directly from a colder to a warmer ma- 
terial, but also indicates that in no way is it possible 
to transmit heat from a colder to a warmer material 
without “some other change remaining in nature as a 
compensation.” While trying to clarify this point, 
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Planck found a formulation of the hypothesis that 
seemed simpler and more convenient: namely, the 
process of heat conduction cannot be completely re- 
versed by any means; or, the expansion of a gas 
without the performance of work cannot in any fash- 
ion be made completely reversible—a concept that 
is the same as that of Clausius, yet not requiring a 
special explanation. Planck calls a process “natural” 
which cannot be made reversible. Today we call it 
“irreversible.” “To this very day,’ Planck wrote 
later, “I find, instead of the above definition of irre- 
versibility, the following: ‘A process is irreversible 
if it cannot take place in the opposite direction.’ This 
definition is not sufficient. Because, at the outset, it 
is quite conceivable that a process that cannot take 
place in an opposite direction could become somehow 
completely reversed.” In an irreversible process na- 
ture has a great “preference” for the final state. 
A measure of this “preference” is Clausius’ entropy. 
The meaning of the second law of thermodynamics is, 
then, an increase in the sum of the entropies of all 
bodies participating in the process. 

Planck finished his doctor’s thesis in 1879 without 
the assistance of his teachers. He presented it after 
his return to Munich and received his degree in the 
same year. Very much to his disappointment Planck 
found that his thesis had made no impression what- 
soever on the contemporary world of physics. His 
Munich professors just let it pass. Adolf von Bayer, 
the famous chemist, let it be understood that he 
thought theoretical physics superfluous. Helmholtz 
very likely never read the paper. Kirchhoff definitely 
disapproved, with the remark that the concept of 
entropy, which is only measurable through a reversi- 
ble process and hence can only be thus defined, cannot 
be applied to irreversible processes. It was impossible 
to approach Clausius, who did not answer letters; 
nor did an attempt to introduce himself personally in 
Bonn have any result, because Clausius was not at 
home. Correspondence with Car] Neumann, in Leipzig, 
had no result whatever. s 

Planck had a similar experience in Munich (1880) 
with his habilitation paper, “States of Equilibria of 
Isotropic Bodies.” He made use of the general results 
of his Ph.D. thesis for the solution of a number of 
concrete thermodynamic (particularly physicochemi- 
eal) processes, but this work likewise made no im- 
pression on the physicists of his day. 

These rather disheartening experiences did not pre- 
vent Planck, convinced of the importance of the task 
at hand, from continuing the study of entropy. It is 
characteristic of his sure intuition and superior 
scientific insight, as well as of his happy disposition, 
that lack of recognition did not discourage him; far 
from it, he continued in the direction in which he had 
started, and this enabled him to develop the quantum 
theory, his greatest achievement. The next problem 
that Planck attacked was the thermodynamic equilib- 
rium of gaseous mixtures, whereby he made use, for 
the first time, of Helmholtz’ “free energy.” 
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Stimulated by the desire “to become somehow 
favorably known in the scientifie world” and to re- 
ceive a professorship, Planck decided to work on the 
prize problem set by the Goettingen philosophical 
faculty for the year 1887 concerning the nature of 
energy. It is true, he received only second prize— 
undoubtedly because, in a controversy between Wil- 
helm Weber, professor of physies in Goettingen, and 
Helmholtz, Planck with his usual sincerity definitely 
took Helmholtz’ side. In judging the paper the fac- 
ulty disagreed with his remarks. Even now it is a 
pleasure to read his clear and comprehensive treatise, 
in which the results of Mayer, Joule, and Helmholtz 
are discussed in detail, and in which Planck gave 
some ideas of his own. 

Before this work was finished, Planck received a 
call as professor extraordinary of theoretical physies 
at the University of Kiel (spring of 1885). “This 
offer,” so Planck writes, “came to me as a redemption. 
I consider one of the happiest occasions of my life the 


moment when Ministerial Director Althoff ... in- - 


formed me about the conditions of my appointment.” 

During this stay in Kiel, from 1885 to 1889, Planck 
again worked on his favorite theme and wrote a num- 
ber of essays under the title “The Principle of the In- 
crease of Entropy.” In these articles he dealt with 
heterogeneous equilibria (the equilibria between vari- 
ous states of aggregation), the mass law of action 
for gases, and the derivation of the thermodynamic 
functions for dilute solutions (particularly the en- 
tropy). His results went far beyond those of Van’s 
Hoff. The activity coefficient, which enters into Van’t 
Hoff’s treatment of the boiling point elevation, must 
have the value 1, as Planck showed from the sec- 
ond law of thermodynamics. A deviation from the 
value 1 would be possible only if the dissolved 
molecules were dissociated. In 1943, in his paper on 
the history of the discovery of the elementary quantum 
of action, he states that some of his results, in their 
fruitful applications, were anticipated by the great 
American physicist J. W. Gibbs; nevertheless, one 
must admit that certain results of Planck’s were truly 
pioneering. 

It is also important to note that, even then, Planck 
was sure of himself as regards the objections of others. 
Particularly with respect to the remarks of the 
Swedish physical chemist Svante Arrhenius, he was 
able to defend himself and to prove clearly that the 
use of ideal processes is permissible. In this connection 
he also points to the use of ideal semipermeable mem- 
branes by Gibbs and Van’t Hoff: 


In view of this undoubted success, one must admit that 
these ideal processes are a most useful research tool, and 
one must expect that, if properly used, they will in the 
future lead to new results. Indeed, I would say that they 
are a particular triumph of the human mind, which, with 
their help, has been able to discover the correlation be- 
tween laws of nature in fields that are entirely closed to 
direct experiments. 


In the spring of 1889, after the death of Kirchhoff, 
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Planck, at thirty, was called to the University of Ber- 
lin as his suecessor. Undoubtedly he had been recom- 
mended by Helmholtz, who had been particularly im- 
pressed by Planck’s prize essay on the energy princi- 
ple, who had appreciated his exceptional qualifications, 
and who had known him personally at an earlier time. 
In Berlin he had the great fortune to become intimate 
with Werner von Siemens, and particularly with 
Helmholtz. Of this we shall speak later. 

In science Planek continued his thermodynamics 
work until 1896. After a few minor papers, he pub- 
lished the fourth part of his great work on the princi- 
ple of the increase of entropy, which presented the 
theories of thermoelectricity and of the electrolytic 
concentration cell (1891). Clausius had worked from 
1867 until his death editing his collected papers on 
the mechanical theory of heat, but was unable to finish. 
After Clausius’ death in 1888, Planck and K. Pulfrich 
edited the third volume of Clausius’ treatise, in which 
the kinetic theory of gases was discussed. This volume 
appeared in 1894, Planck also edited Volume III of 
Kirebhoff’s lectures on electricity and magnetism 
(theoretical physies). 

In 1892 Planck was promoted to ‘full professor. 
In 1893 he published an outline of general thermo- 
chemistry. In the same year, in the Physical Society 
of Berlin, he delivered a memorial address on Heinrich 
Hertz, which was greatly appreciated by Helmholtz. 
In 1894, Planck was elected to the Prussian Academy 
of Science, in which he served from 1912-1938 as 
permanent secretary of the mathematical-physical 
science section. 

Of his many shorter papers mention should be 
made of a publication on the proof of the Maxwell 
distribution law (1896) in the proceedings of the 
Bavarian Academy of Science. A remark on a demon- 
stration of a new type of harmonium in the “true” 
natural scale (system of C. Eitz) appeared in the 
proceedings of the Physical Society of Berlin in 1893. 
Planck, with his outstanding musical talent, had a 
particular interest in this harmonium (as will be dis- 
eussed later). 

In 1897 the first edition of his lectures on thermo- 
dynamics appeared, to be followed later by the pub- 
lication of some of his other lectures. His election to 
the Academy and his contacts in the Physical Society 
gave him the impetus to work on heat radiation and 
to develop his theory of radiation, which later won 
him the Nobel prize. What he had particularly in mind 
in this paper was the interrelation of electrodynamics 
with thermodynamies. He had come to the conclusion 
that in every physical process the behavior of entropy 
has to be considered, and that this must also hold for 
the theory of radiation. Again he used ideal processes, 
which he had already justified in detail in his thermo- 
dynamics. 

Following Kirchhoff’s radiation law, he considered 
an evacuated cavity, bounded by totally reflecting 
walls, in which are located linear electrical oscillators 
of definite characteristic frequency and ‘with weak 
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radiation damping. He believed that, through irre- 
versible radiation processes, the black-body radiation, 
even assuming arbitrary starting conditions and ap- 
plying Maxwell’s theory, would lead to a stationary 
state—thermodynamie equilibrium. Boltzmann pointed 
out, however, that this approach is erroneous, hence 
a new principle had to be added to reach the final goal. 
This was the hypothesis of “natural radiation,” ac- 
cording to which the various partial vibrations of the 
heat radiation waves are entirely incoherent. Only 
with this hypothesis can radiation processes be con- 
sidered irreversible so that thermodynamic equilibrium 
is reached. On the basis of this irreversibility, Planck 
was able to find an expression for the entropy of the 
oscillator, as well as of the black-body radiation itself. 
In thermodynamic equilibrium this entropy has a 
maximum, and the corresponding final state depends 
only on the absolute temperature. The entropy is a 
function of energy and of frequency, the form of 
which (introduced by Planck) contains a certain 
arbitrariness. With this first assumption for the 
entropy Planck derived Wien’s law (1895) for the 
energy distribution in black-body radiation. In any 
event, he recognized then that the dependence of en- 
tropy on the energy and the frequency has a funda- 
mental importance for the investigation of heat radia- 
tion. His assumption for the value of the entropy 
had to be discarded when it was found that Wien’s 
radiation law was not generally confirmed by meas- 
urements. O. Lummer, E. Pringsheim, and, later, F. 
Paschen pointed out deviations in the range of long 
wavelengths. 

A decisive change was brought about when F. Kurl- 
baum presented the results of energy measurements 
for very long wavelengths (carried out with H. 
Rubens) in a session of the German Physical Society 
(October 19, 1900). These measurements indicate that, 
with increasing temperature, the intensity of the 
black-body radiation approaches proportionality to 
the absolute temperature 7, corresponding to 
Rayleigh’s radiation law (1900). This, however, con- 
tradicts Wien’s radiation law, according to which the 
intensity of radiation must always remain finite. In 
view of these results, communicated to him a few 
days before the session of the Physical Society, Planck 
started looking for a way out of the difficulty, and 
found at first an empirical solution. According to 
Rayleigh’s radiation law, since the energy U of the 
Planck oscillator at a fixed frequency is always pro- 
portional to the intensity of radiation (Rayleigh’s 
radiation law) if 7 is the absolute temperature, 
U =CT. With the thermodynamic relation for the en- 


ds h Ss Cc 
tropy at constant volume, 7 one has 
To Planck’s first assumption for the entropy and 
Wien’s law corresponds the value :d*S /dU* =—1/avU, 
where v is frequency per second, Planck now set up 
an interpolation formula for the two values of 
a°S /dU?, setting /dU* =-1/(avU + U?/€).. This 
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interpolation formula, together with the expression 
for dS/dU =1/T, leads immediately to the Planck 
radiation law: I,=Uv*®/c? =C,v°/(e*, where 
e is the light velocity. He finished his calculations in 
time to communicate the results at the Physical So- 
ciety session of October 1900. I myself have seen a 
posteard from Planck to Rubens communicating his 
radiation law even before this session. The law had 
already been confirmed by Kurlbaum and Rubens, 
and by Lummer and Pringsheim, and the agreement 
became even better with more precise measurements. 

Within the next two weeks, Planck was able to 
derive the empirical interpolation formula from 
theory.” The salient point was to find an unambiguous 
way to calculate the dependence of entropy on energy 
and frequency. He realized that this was impossible 
by means of electrodynamics alone, so he used Boltz- 
mann’s method and set the entropy proportional to 
the logarithm of probability. Only through the intro- 
duction of energy quanta was he able, with the aid 
of probability calculations, to obtain his interpolation 
formula. The energy quantum was set equal to the 
product of the frequency and a new constant h— 
Planck’s elementary quantum of action. From the ex- 
perimental values of the radiation constants, he was 
able, not only to calculate the numerical value of the 
elementary quantum of action, but also to determine 
the proportionality factor k in the Boltzmann expres- 
sion for entropy, as well as the value of e, the charge 
of the elementary quantum of electricity. The follow- 
ing values resulted : 
k=1,346 x 10-** erg/°K; h=6.55 x 10-*" erg-sec; 

e = 4.69 x 10-*° esu. 
Planck’s radiation law then took the form Iv=Uv?/ 
c? = hv® /c?(e"”/*? -1), so that the constants C, and 
C, are now universally determined. Today the best 
values for the constants k, h, and e are the follow- 
ing: k=1.380,x10-%* erg/°K; h=6.626x10-*" erg- 
sec; e=4.803x10-'° esu. Planck’s caleulated values 
of 1900 were surprisingly good! The constant k, 
which Boltzmann had never really used, was calculated 
by Planck for the first time (as Planck has pointed 
out several times—e.g., in his Nobel prize address). It 
should really not be called Boltzmann’s constant, but 
rather the Boltzmann-Planck constant. The calculation 
of the elementary quantum of electricity e from radi- 
ation measurements was not taken very seriously by 
many, in spite of the fact that in 1900 it was by far 
the most accurate determination. This was first demon- 
strated by the measurements of H. Geiger and E. 
Rutherford in 1908, As Rutherford said later, Planck’s 
calculation made an overwhelming impression. 

In his first derivation of the radiation law, Planck 
had assumed quantization of both emission through 
oscillators, as well as absorption through resonators. 
This is the presentation in Planck’s lectures during 
the winter semester of 1905-06 on the theory of heat 


2The theory was finally communicated to the Prussian 
Academy on December 14, 1900, in “The Birthday of the 
Quantum Theory” (Laue). 
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radiation (published in 1906). For some time Planck 
assumed, instead of absorption in quanta, a continuous 
absorption. But this derivation was not particularly 
satisfying. I still remember how Nernst, in the session 
of the Physical Society in Berlin, when Planck dis- 
cussed this new derivation, at once contradicted it and 
spoke of something similar to Einstein’s photons, so 
that Planck left the session somewhat depressed. At 
first, however, he persisted in this new derivation. 

The reason for all the difficulties was quite pro- 
found. It is to be found in the dual nature of the 
quantum of radiation which behaves, depending on 
circumstances, sometimes like a particle and some- 
times like a wave. It is known that Einstein first in- 
troduced with striking success the hypothesis that 
not only emission takes place in quanta, but that also 
heat and light rays are propagated as quanta— 
photons. But already Einstein’s derivation of Planck’s 
law, considering photons in a cavity, involves the dual 
nature of the photons: the photons were ascribed a 
certain frequency. The dual nature of the photons, 
is displayed particularly in the energy fluctuations of 
heat radiation (Einstein). They are composed of one 
term proportional to the quantum of energy, and an 
average energy (quantum term); but there is a sec- 
ond term that is proportional to the square of the 
average energy (classical interference term; Lorentz). 
Planck has also treated this fluctuation law of Hin- 
stein’s in some detail. 

He continued to discuss other questions in this field. 
In this connection, we particularly want to mention 
that, in a communication to the Franklin Institute in 
1927, Planck, considering the development of the 
quantum theory through De Broglie, Heisenberg, 
Born, Jordan, Schroedinger, and others, says: 

The classical theory recognizes and treats only the two 

extreme cases; on the one side, corpuscular motions, on 
whose outermost border lies the uniform motion of a par- 
ticle in a straight line; on the other side, wave-motions, 
on whose outer limit lies the static, homogenous field. 
Looked upon from the newly established point of view, 
there is neither pure corpuscular motion, nor any pure 
wave-motion. Rather, every corpuscular motion includes 
something of wave-motion, and every wave-motion some- 
thing of corpuscular motion. The difference is only 
gradual and quantitative. In the motion of a particle, as 
soon as the ratio of the impulse to the curvature of the 
path, which in motion in a straight line has an infinite 
value, sinks to the order of magnitude of the universal 
constant of action, the laws of wave-motion begin to play 
an appreciable part. And vice versa, in monochromatic 
light, as soon as the ratio of its energy to its frequency, 
which is infinite in a static field, sinks to the order of 
magnitude just mentioned, the corpuscular laws begin to 
be appreciable. In what relation, however, the corpuscu- 
lar laws stand to the laws of wave-motion in the general 
ease, remains the great problem, to which at the present 
time a whole generation of investigators is devoting its 
best efforts (J. Franklin Inst., 204, 18 [1927]). 
This synthesis Planck has attempted in papers ap- 
pearing in the Annalen der Physik (1940, 1941). 
Some of his results had already been published in 
earlier papers by Kramers. The changed action fune- 
tion is new and also the change in the boundary con- 
ditions of wave mechanics. 
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If one asks for the most logical derivation of 
Planck’s radiation law available today, the one least 
open to objections, one could say the following: 
Quantum mechanies has shown that, for identical par- 
ticles, only Bose-Einstein or Fermi-Dirae statisties can 
be used (the latter only if the Pauli principle has to 
be used). To derive the radiation law free from classi- 
eal electrodynamics, which is incompatible with quan- 
tum theory, then, with Bose, one reasons as follows: 
(1) The radiation consists of light quanta of energy 
hv, and a momentum corresponding to the relativistic 
relation between energy and mass. (2) The phase vol- 
ume (position coordinates and momenta) for light 
quanta consists of cells of magnitude h*. (3) The 
definition of entropy as k times the logarithm of the 
thermodynamic probability, and Bose-Einstein sta- 
tistics applied to radiation in thermodynamic equi- 
librium (in a given volume with a given total energy), 
lead without any other assumption to Planck’s radia- 
tion law. We postulate now what Planck had to deduce 
from his derivation of the radiation law. This postu- 
late has been proved through innumerable experiments, 
so that now one is justified in taking this as a given 
fact in starting caleulations. 

The classical theory was at a deadlock, and only 
a genius such as Planck’s could overcome the formal- 
istic difficulties by assuming intuitively the only pos- 
sible way out, the existence of discrete energy quanta 
of magnitude hv. Nowadays this must be considered 
as fundamental a law, and probably just as reliable, 
as the law of the conservation of energy or the law of 
entropy. Whereas the number and kind of elementary 
particles are increasing all the time, there remains 
only one elementary quantum of action, Planck’s h. 

The riddle of the dual nature of particle and light 
quantum is not solved through Bose’s derivation of 
Planck’s law; it is simply introduced as a fact. Also 
the questions whether the principle of causality fails 
in the realm of quantum theory, and whether Heisen- 
berg’s uncertainty relation, which follows logically if 
one uses Newtonian point mechanics, is the last word 
of wisdom, are not even touched. Planck himself con- 
sidered the complete clarification of these questions as 
a goal still to be reached. Thus in the last sentence of 
an essay in Naturwissenschaften (1943) he says, “I am 
furthermore convineed that we will need still more 
profound, at the present time not even clearly predict- 
able, changes in our physical concepts before the 
quantum theory will have the degree of perfection that 
used to be ascribed to the classical theory.” 

We must remember that Planck actively supported 
Einstein’s special theory of relativity. In a detailed 
paper in the Annalen, he gave the relativistic treat- 
ment of the dynamics of moving systems. It was 
Planck and Nernst who were responsible for Einstein’s 
eall to Berlin. I know from personal experience that 
Planck was at first skeptical about the general theory 
of relativity, but was unable to resist the great ideas 
of this theory very long. 

What we have said so far, in considering the sci- 
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entific development and the investigations of Planck, 
reveals many characteristic traits of his personality: 
his entirely independent way of thinking, his tremen- 
dous superiority to most of his contemporaries, and 
his happy disposition, which was not deterred by the 
lack of appreciation he at first encountered. But to get 
a better picture of his personality we should go into 
some details of his personal life and into the manifold 
activities that are not immediately connected with his 
scientific work. 

Beeause of his great musical ability, Planck as a 
student came in contact with many art circles in 
Munich. He was frequently with the families of Paul 
Heyse, Piloty, Woelfflin, Stieler, ete. He participated 
in theatricals and he wrote songs, short plays, and 
even an operetta. Planck had the gift of absolute 
pitch. In school he sang the soprano parts of the great 
oratorios in boys’ choirs. As a student, he was second 
choirmaster in the academic singing society, and he 
played the organ at church. He systematically studied 
piano during his student years in Berlin, so that 
throughout his whole life he found a daily joy and 
relaxation in playing the piano. Returning to Munich, 
he studied harmony and counterpoint with Rhein- 
berger. He particularly liked to play Schubert and 
Brahms. 

Planck’s call to Kiel meant not only scientifie suc- 
cess but also personal happiness. While living with 
his parents, he had the most charming and comfortable 
life imaginable, but the desire to be independent be- 
came more and more pressing, and he was eager to 
have a home of his own. In 1887, at the age of not 
quite twenty-nine years, he married a friend of his 
youth, a daughter of the Munich banker Merck, Marie 
Merck, with whom he had two sons and two daughters. 
She died in 1909. 

In Berlin, he first lived in the west end, but later 
he built a villa in the Gruenewald. On Planck’s arrival 
in Berlin, von Siemens and Helmholtz were the spirit- 
ual leaders of the Berlin Physical Society. Planck dur- 
ing his Berlin student days did not appreciate Helm- 
holtz’ lectures, and Helmholtz in turn ignored Planck’s 
Ph.D. thesis; however, as a colleague of Helmholtz, 
Planck soon became his great admirer. “In his person- 
ality,” so Planck wrote later, “was embodied the 
dignity and truthfulness of his science.” Every ap- 
preciative or commendatory word of Helmholtz gave 
Planck more satisfaction than any outside success. 
Throughout his whole life he treasured the appreci- 
ative words of Helmholtz after his memorial address 
on Heinrich Hertz in 1894. Planck participated many 
times in the social gatherings of the Helmholtz family, 
and he wrote of how memorable were the evenings 
spent at the Helmholtz’ hearing Joseph Joachim play 
his own arrangements of the newly published Hun- 
garian dances by Brahms, or Marianne Brand and 
the baritone Oberhauser singing “Wotan’s Farewell” 
from Die Walkiire. 

After Helmholtz’ death, Planck continued the musi- 
cal tradition in his own home in the Gruenewald 
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colony. He played an hour every day and also con- 
ducted a choir of friends and students. When three of 
his fingers became stiff, he still spent some time every 
day at the piano and, as a physicist, derived particu- 
lar pleasure from the harmonium with natural scale, 
a complicated instrument because of the large number 
of keys. 

Musie was not Planck’s only source of recreation 
and relaxation. Every year, he spent several weeks in 
the mountains, where he undertook regular climbing 
tours. Even now, his name may be found in the 
registers on many mountaintops. At the age of 
seventy-two he climbed the Jungfrau, and at seventy- 
nine the Grossvenediger. At home he went regularly 
for walks. Since he himself had such a strong need 
for exercise, he very energetically recommended exer- 
cise for the students during the time when he was 
Rector at the University of Berlin (1913-14). In every 
respect, Planck’s life was arranged in such a way that 
he never overworked; he was able, therefore, to make 
the most of his tremendous talent. For him, as only 
rarely for anyone else, the old saying is true: In 
corpore sana mens sana. 

In order to devote the necessary amount of work to 
his research in physics, in spite of leading a carefully 
regulated life, wise limitations were necessary. This 
explains why Planck never had a large institute 
with many assistants and doctoral candidates. After 
holding his lectures and his recitations, he usually 
went home. Thus one may understand why Planck 
had only nine doctoral students altogether. As he had 
finished his own thesis entirely unassisted, he also ex- 
pected from each Ph.D. candidate a large amount of 
self-reliance. As an example, Planck merely gave me 
the theme for my own dissertation without ever ask- 
ing how the work was progressing; and when I de- 
livered it after half a year, Planck accepted it with- 
out changing a single word and had it published. 
Those who took degrees with him were: M. Abraham 
(1897), M. v. Laue (1903), M. Schlick (1904), Von 
Mosengail (who shortly after his examination had a 
fatal accident in the Alps), and I myself (1906), 
Reiche (1907), Lamla and W. Schottky (1912), and 
W. Bothe (1914). The student who was closest to 
him, according to his own words, was Lane. 

Obviously, not only his few doctoral candidates, but 
also the many who took his lectures and learned from 
his books must be considered as Planck’s students. 
Altenkirch, a specialist in technical thermodynamics 
(recently a Linde medalist) is one of them. Planck’s 
lectures, all of which I attended, were prepared to the 
smallest detail, and were of unsurpassed clarity. To 
hear them was an aesthetic pleasure. Of all the lec- 
tures I have ever heard, Planck’s have made the deep- 
est impression. As vivid as if it had been yesterday is 
the set of lectures given during the winter semester 
of 1905-06, when he lectured for the first time on 
the quantum theory and discussed the elementary 
quantum of action. It was almost as if he were em- 
barrassed to talk about his own ideas, which it was 
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absolutely necessary to discuss with his own students, 
In his lectures and recitations his students were in- 
troduced to theoretical physics, and they learned to 
discuss all questions in a thorough, logically indis- 
putable manner. 

One activity in which Planck participated regularly 
and actively was the physies colloquium at the Uni- 
versity of Berlin. It was an especially outstanding 
period when Nernst, Einstein, Laue, and, for a time, 
Schroedinger were in Berlin. The characteristic dif- 
ferences in their various points of view became par- 
ticularly clear. Planck was always very cautious in his 
remarks. Laue was the very soul of the colloquia, and 
Einstein and Nernst had something to say on every 
subject, with an amazing presence of mind and with- 
out long deliberation. We had especially lively times 
when Ehrenfest, with his effervescent temperament, 
was a guest in the colloquium. Planck, however, always 
maintained his poise and dignity. In the thirties he 
was the great silent one in the colloquium. He attended 
the meetings faithfully without ever taking part in | 
the discussion. This self-restraint was characteristic of 
his type of mind. He must have had the feeling that 
he no longer had enough presence of mind to discuss 
questions spontaneously, despite the fact that, up to 
his last year, he was able to think as logically and 
sharply as anyone else if he had the time and leisure 
to do so. 

Planck’s dignity and graciousness manifested them- 
selves in the administration of the various positions 
he held at different times in Berlin. From 1912 to 1938 
he was permanent secretary of the mathematical- 
physies section of the Prussian Academy of Science. 
His many addresses and responses to the addresses of 
others were characteristic of his personality. In his 
own inaugural address he stressed the need to turn 
away from the idea that all physical phenomena can be 
reduced to mechanical processes, the fundamental sig- 
nificance of the two laws of thermodynamics, the sum- 
mary of experimental results through theoretical 
physics, which is necessary to stimulate further ex- 
periment. 

In his response to Einstein’s inaugural address he 
did not refrain from being critical. “Even if you are 
not satisfied with the principle of relativity in its 
first special form because it favors uniform motion, 
one should recognize this as a particular advance in 
knowledge; because the laws of nature which we are 
looking for are a special selection from the manifold 
possibilities of all possible relations.” 

Later, however, he was not able to deny the great 
importance of the general theory of relativity. In re- 
sponse to Laue’s inaugural Planck discussed qualities 
of leadership for a position such as Laue already 
held: “Conscientiousness in the pursuit of important 
things, patience, and the courage to stand up for his 
own convictions against anybody, even against his own 
former and different opinion.” In a similar way every 
address he gave in the academy was always illumi- 
nated by his profound and mature personality, , 
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With this same thoroughness and from the same 
point of view as he fulfilled his duties as permanent 
secretary in the academy, Planck also took the posi- 
tion of president of the Kaiser Wilhelm Society 
(1920-37) in difficult times, when national socialism 
displayed its corrupt power. The greatest disappoint- 
ment in this position was perhaps his interview with 
Hitler in an attempt to retain the Jewish associates 
of the Kaiser Wilhelm Institute. The interview had no 
practical results, and this may have been the reason 
for the disastrous end of his favorite son. His presi- 
dential post, however, gave Planck the opportunity to 
venture beyond his special professional duties—a wel- 
come opportunity for his broad interests, which also 
encompassed philosophical and religious problems. 

This attitude is shown in all Planck’s scientific work. 
He himself says in his essays in Naturwissenschaften 
(1943), “Of primary interest to me in physies were all 
the great general laws, which are significant for all 
processes in nature independent of the properties of 
the bodies involved in the process, and independent of 
the idea which one has about their structure. For this 
reason the two laws of thermodynamics are of par- 
ticular interest for me.” How far his interest went 
beyond physies is easily seen by looking at his lee- 
tures and essays in his later years. They deal with the 
idea of causality in physics, with determinism and 
indeterminism, with the meaning and limits of exact 
science, with religion and science, with phantom prob- 
lems about which he lectured in Goettingen in 1946. 
Let us quote from the essay on the meaning and limits 
of exact science just one sentence, which is particularly 
characteristic of Plank’s thinking: “The only thing 
which we can claim with certainty as our property, 
the greatest good which no power in the world can rob 
us of, and which can make us happy forever as noth- 
ing else can, is a pure spirit, which finds its expression 
in the conscientious fulfilling of one’s duties.” Even 
if Planck’s collection of philosophical writings—e.g., 
his lecture on phantom problems—did not find general 
approval, in all of them we see the burning wish to 
obtain honest clarity about the most profound prob- 
lems of human life. 

The greatness and strength of his character Planck 
showed particularly in the way he carried his personal 
burdens: The four children by his first wife all died. 
His twin daughters both died in childbirth. The oldest 
son was killed in the first world war near Thiaumont 
in France. The second son came to a frightful end in 
January 1943 as a victim of Nazism. When Planck 
heard of it, he wrote to Sommerfeld that he had lost 
his closest and best friend. He was wrestling for the 
power to give his future life meaning by conscientious 
work. 

In his personal misfortunes he was comforted by his 
second wife (nee Hoesslin), the niece of his first wife, 
whom he married one year after the latter’s death. 


The second world war destroyed Planck’s beloved home 
in the Gruenewald, with all his possessions, including 
his carefully kept diary. He and his wife were forced 
to flee to his estate of Rogaetz on the Elbe. He almost 
died in an air raid on Kassel. From Rogaetz the 
Americans took him to Goettingen, were he found 
refuge with some kinfolk and where he spent his last 
two and a half years. He died in the hospital on 
October 4, 1947, about half a year before he would 
have celebrated his ninetieth birthday. 

Planck’s second wife, Marga, was up to the last 
hour a self-sacrificing help to him. On all his moun- 
tain trips she was a faithful companion, and in his 
home and in his life she provided all the graciousness 
that he desired. Without her his life would have been 
extremely difficult. She survived him by one year. 

Many honors came to Planck in the course of his 
life, and they may have compensated for the fact that 
in the beginning he found no recognition at all. He 
was a member of all German and of many foreign 
academies. As a member of the Royal Society of 
London, he participated in the Newtonian celebration 
held in London the year before his death. A great 
many scientific societies made him an honorary mem- 
ber. He was many times an honorary docter (e.g., 
Cambridge). He also was awarded the Lorentz medal, 
the Order Pour le Merite (Friedensklasse), of which 
later he became Chancellor; and perhaps the greatest 
recognition, the Nobel prize for his radiation law 
(1919). Besides his trip to London in 1946, Planck 
accepted many invitations to foreign countries (Amer- 
iea, France, England, and Switzerland). He was a 
regular participant in the Solvay Congresses in 
Belgium. 

His sixtieth birthday was celebrated by the German 
Physical Society in Berlin. Addresses were given by 
Warburg, Laue, Sommerfeld, and Einstein. His 
seventieth birthday was celebrated in his home and by 
the Physical Society of Berlin. Particularly imposing 
was the celebration of his eightieth birthday in the 
Harnack-Haus in Berlin, in which Ramsauer, Gruenei- 
sen, Debye, Laue, and the French Ambassador, Fran- 
cois Poncet, gave addresses. The beautiful gold medal 
Planck awarded to L. de Broglie was accepted for him 
by the French Ambassador. On the evening of 
Planck’s eightieth birthday there were addresses by 
Sommerfeld, by Fokker for the Dutch physicists, and 
by Kopff for the astronomers. Planck found simple 
dignified words of thanks on these occasions. 

Planck will go down in history as one of the im- 
mortals, the man who had the courage to break with 
classical physies and to introduce the elementary 
quantum of action. In the hearts of all who were close 
to him he will remain to their own last hour a pure, 
simple, and noble character whom they recall with 
deep veneration and love. 


January 26, 1951 
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The Advent of the Quantum Theory’ 


Albert Einstein 
Institute for Advanced Study, Princeton University, Princeton, New Jersey 


HE REVOLUTION [in classical physics] 
begun by the introduction of the field was by 
no means finished. Then it happened that, 
around the turn of the century, independently 
of what we have just been discussing,” a second funda- 
mental crisis set in, the seriousness of which was sud- 
denly recognized due to Max Planck’s investigations 
into heat radiation (1900). The history of this event 
is all the more remarkable because, at least in its first 
phase, it was not in any way influenced by any sur- 
prising discoveries of an experimental nature. 

On thermodynamic grounds Kirchhoff had con- 
cluded that the energy density and the spectral com- 
position of radiation in a Hohlraum, surrounded by 
impenetrable walls of the temperature 7, would be 
independent of the nature of the walls. That is to say, 
the nonchromatie density of radiation p is a universal 
function of the frequency » and of the absolute 
temperature 7. Thus arose the interesting problem of 
determining this function p (v,7’). What could theo- 
retically be ascertained about this function? Accord- 
ing to Maxwell’s theory, the radiation had to exert 
a pressure on the walls, determined by the total energy 
density. From this Boltzmann concluded, by means 
of pure thermodynamics, that the entire energy 
density of the radiation (fpdy) is proportional to T*. 
In this way he found a theoretical justification of a 
law which had previously been discovered empirically 
by Stefan, i.e., in this way he connected this empirical 
law with the basis of Maxwell’s theory. Thereafter, 
by way of an ingenious thermodynamic consideration, 
which also made use of Maxwell’s theory, W. Wien 
found that the universal function p of the two vari- 
ables » and ZY would have to be of the form 


p~vf r) whereby f(v/T7) is a universal function 
of one variable »/T only. It was clear that the theo- 
retical determination of this universal function f was 
of fundamental importance—this was precisely the 
task which confronted Planck. Careful measurements 
had led to a very precise empirical determination of 
the function f. Relying on those empirical measure- 
ments, he succeeded in the first place in finding a 
statement which rendered the measurements very well 
indeed : 

1ScHILPP, P. A., Ed. Albert Einstein: Philosopher-Scien- 
tist. The Library of Living Philosophers, Vol. VII, 87-51 
(1949). New York: Tudor Pub. (distributors). Excerpt re- 
printed by permission of the author, publisher, and distribu- 


tor. Copyright by The Library of Living Philosophers, Evans- 
ton, Ill. 


2In the preceding pages Hinstein discusses the field theory 


and the changes it wrought in the conceptions of classical 
physies. 


1 
P=" exp(Iv/kT) -1 
whereby h and k are two universal constants, the first 
of which led to quantum theory. Because of the de- 
nominator, this formula looks a bit queer. Was it 
possible to derive it theoretically? Planck actually 
did find a derivation, the imperfections of which re- 
mained at first hidden, which latter fact was most 
fortunate for the development of physics. If this 
formula was correct, it permitted, with the aid of 
Maxwell’s theory, the calculation of the average 
energy FE of a quasimonochromatic oscillator within 
the field of radiation : 
hy 
exp (hy/kT) -1 
Planck preferred to attempt calculating this latter 
magnitude theoretically. In this effort, thermodynam- 
ies, for the time being, proved no longer helpful, and 
neither did Maxwell’s theory. The following cireum- 
stance was unusually encouraging in this formula. 
For high temperatures (with a fixed y) it yielded the 
expression E=kT. This is the same expression as 
the kinetic theory of gases yields for the average 
energy of a mass-point which is capable of oscillating 
elastically in one dimension. For in kinetic gas theory 
one gets E= (R/N)T, whereby R means the constant 
of the equation of state of a gas, and N the number 
of molecules per mol, from which constant one can 
compute the absolute size of the atom. Putting these 
two expressions equal to each other one gets N = R/k. 
The one constant of Planck’s formula consequently 
furnishes exactly the correct size of the atom. The 
numerical value agreed satisfactorily with the deter- 
minations of N by means of kinetic gas theory, even 
though these latter were not very accurate. 

This was a great success, which Planck clearly 
recognized. But the matter has a serious drawback, 
which Planck fortunately overlooked at first. For the 
same considerations demand in fact that the relation 
E=kT would also have to be valid for low tempera- 
tures. In that case, however, it would be all over with 
Planck’s formula and with the constant h. From the 
existing theory, therefore, the correct conclusion would 
have been: the average kinetic energy of the oscillator 
is either given incorrectly by the theory of gases, 
which would imply a refutation of (statistical) me- 
chanics; or else the average energy of the oscillator 
follows incorrectly from Maxwell’s theory, which 
would imply a refutation of the latter. Under such 
circumstances it is most probable that both theories 
are correct only at the limits, but are otherwise false; 
this is indeed the situation, as we shall see in what 
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follows. If Planck had drawn this conclusion, he 
probably would not have made his great discovery, 
because the foundation would have been withdrawn 
from pure deductive reasoning. 

Now back to Planck’s reasoning. On the basis of 
the kinetic theory of gases Boltzmann had discovered 
that, aside from a constant factor, entropy is equiva- 
lent to the logarithm of the “probability” of the state 
under consideration. Through this insight he recog- 
nized the nature of courses of events which, in the 
sense of thermodynamics, are “irreversible.” Seen 
from the molecular-mechanical point of view, how- 
ever, all courses of events are reversible. If one calls 
a molecular-theoretically defined state a microscopi- 
cally described one, or, more briefly, micro-state, and 
a state described in terms of thermodynamics a 
macro-state, then an immensely large number (Z) 
of states belong to a macroscopic condition. Z then 
is a measure of the probability of a chosen macro- 
state. This idea appears to be of outstanding impor- 
tance also because of the fact that its usefulness is not 
limited to microscopic description on the basis of 
mechanics. Planck recognized this and applied the 
Boltzmann principle to a system which consists of 
very many resonators of the same frequency y. The 
macroscopic situation is given through the total 
energy of the oscillation of all resonators, a micro- 
condition through determination of the (instantane- 
ous) energy of each individual resonator. In order 
then to be able to express the number of the micro- 
states belonging to a macro-state by means of a finite 
number, he (Planck) divided the total energy into a 
large but finite number of identical energy-elements 
« and asked: In how many ways can these energy- 
elements be divided among the resonators? The 
logarithm of this number, then, furnishes the entropy 
and thus (via thermodynamics) the temperature of the 
system. Planck got his radiation-formula if he chose 
his energy-elements ¢ of the magnitude «=hy. The 
decisive element in doing this lies in the fact that the 
result depends on taking for ¢ a definite finite value, 
ie., that one does not go to the limit «=0. This form 
of reasoning does not make obvious the fact that it 
contradicts the mechanical and electrodynamic basis, 
upon which the derivation otherwise depends. Ac- 
tually, however, the derivation presupposes implicitly 
that energy can be absorbed and emitted by the in- 
dividual resonator only in “quanta” of magnitude 
hy, i.e., that the energy of a mechanical structure 
capable of oscillations, as well as the energy of ra- 
diation, can be transferred only in such quanta—in 
contradiction to the laws of mechanics and electro- 
dynamics. The contradiction with dynamics was here 
fundamental; whereas the contradiction with electro- 
dynamics could be less fundamental. For the expres- 
sion for the density of radiation-energy, although it 
is compatible with Maxwell’s equations, is not a 
necessary consequence of these equations. That this 
expression furnishes important average-values is 
shown by the fact that the Stefan-Boltzmann law and 
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Wien’s law, which are based on it, are in agreement 
with experience. 

All of this was quite clear to me shortly after the 
appearance of Planck’s fundamental work; so that, 
without having a substitute for classical mechanics, 
I could nevertheless see to what kind of consequences 
this law of temperature-radiation leads for the photo- 
electric effect and for other related phenomena of the 
transformation of radiation-energy, as well as for the 
specific heat of (especially) solid bodies. All my at- 
tempts, however, to adapt the theoretical foundation 
of physies to this (new type of) knowledge failed 
completely. It was as if the ground had been pulled 
out from under one, with no firm foundation to be 
seen anywhere, upon which one could have built. That 
this insecure and contradictory foundation was suf- 
ficient to enable a man of Bohr’s unique instinet and 
tact to discover the major laws of the spectral lines 
and of the electron-shells of the atoms, together with 
their significance for chemistry, appeared te me like 
a miracle—and appears to me as a miracle even today. 
This is the highest form of musicality in the sphere 
of thought. 

My own interest in those years was less concerned 
with the detailed consequences of Planck’s results, 
however important these might be. My major question 
was: What general conclusions can be drawn from 
the radiation-formula concerning the structure of 
radiation and even more generally coneerning the 
electro-magnetic foundation of physies? Before I take 
this up, I must briefly mention a number of investiga- 
tions which relate to the Brownian motion and related 
objects (fluctuation-phenomena), and which in essence 
rest upon classical molecular mechanics. Not ac- 
quainted with the earlier investigations of Boltzmann 
and Gibbs which had appeared earlier and actually 
exhausted the subject, I developed the statistical 
mechanics and the molecular-kinetie theory of thermo- 
dynamies which was based on the former. My major 
aim in this was to find facts which would guarantee 
as much as possible the existence of atoms of definite 
finite size. In the midst of this I discovered that, 
according to atomistic theory, there would have to be 
a movement of suspended microscopic particles open 
to observation, without knowing that observations 
concerning the Brownian motion were already long 
familiar. The simplest derivation rested upon the fol- 
lowing consideration. If the molecular-kinetie theory 
is essentially correct, a suspension of visible particles 
must possess the same kind of osmotic pressure fulfill- 
ing the laws of gases as a solution of molecules. This 
osmotic pressure depends upon the actual magnitude 
of the molecules, i.e., upon the number of molecules 
in a gram-equivalent. If the density of the suspension 
is inhomogeneous, the osmotic pressure is inhomogene- 
ous, too, and gives rise to a compensating diffusion, 
which can be calculated from the well-known mobility 
of the particles. This diffusion can, on the other 
hand, also be considered as the result of the random 
displacement—unknown in magnitude originally—of 
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the suspended particles due to thermal agitation. By 
comparing the amounts obtained for the diffusion 
eurrent from both types of reasoning, one reaches 
quantitatively the statistical law for those displace- 
ments, i.e., the law of the Brownian motion. The 
agreement of these considerations with experience, 
together with Planck’s determination of the true 
molecular size from the law of radiation (for high 
temperatures), convinced the skeptics, who were quite 
numerous at that time (Ostwald, Mach) of the reality 
of atoms. The antipathy of these scholars towards 
atomic theory can indubitably be traced back to their 
positivistie philosophical attitude. This is an interest- 
ing example of the fact that even scholars of audacious 
spirit and fine instinct can be obstructed in the in- 
terpretation of facts by philosophical prejudices. The 
prejudice—which has by no means died out in the 
meantime—consists in the faith that facts by them- 
selves can and should yield scientific knowledge with- 
out free conceptual construction. Such a miseonception 
is possible only because one does not easily become 
aware of the free choice of such concepts, which, 
through verification and long usage, appear to be 
immediately connected with the empirical material. 
The success of the theory of the Brownian motion 
showed again conclusively that classical mechanics 
always offered trustworthy results whenever it was 
applied to motions in which the higher time derivatives 
of velocity are negligibly small. Upon this recognition 
a relatively direct method ean be based which permits 
us to learn something concerning the constitution of 
radiation from Planck’s formula. One may conclude in 
fact that, in a space filled with radiation, a (vertically 
to its plane) freely moving, quasi-monochromatiecally 
reflecting mirror would have to go through a kind of 
Brownian movement, the average kinetic energy of 
which equals 4%(R/N)T (R equals constant of the 
gas-equation for one gram-molecule, N equals the 
number of the molecules per mol, and 7 equals abso- 
lute temperature). If radiation were not subject to 
local fluctuations, the mirror would gradually come 
to rest, because, due to its motion, it reflects more 
radiation on its front than on its reverse side. How- 
ever, the mirror must experience certain random 
fluctuations of the pressure exerted upon it due to 
the fact that the wave-packets, constituting the radia- 
tion, interfere with one another. These can be com- 
puted from Maxwell’s theory. This calculation, then, 
shows that these pressure variations (especially in the 
ease of small radiation-densities) are by no means 
sufficient to impart to the mirror the average kinetic 
energy 4%(R/N)T. In order to get this result one has 
to assume rather that there exists a second type of 
pressure variations, which cannot be derived from 
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Maxwell’s theory, which corresponds to the assump- 
tion that radiation energy consists of indivisible 
point-like localized quanta of the energy hy (and of 
momentum [hv/e], [e equals velocity of light]), 
which are reflected undivided. This way of looking 
at the problem showed in a drastic and direct way that 
a type of immediate reality has to be ascribed to 
Planck’s quanta, that radiation must, therefore, 
possess a kind of molecular structure in energy, which 
of course contradicts Maxwell’s theory. Considerations 
concerning radiation which are based directly on 
Boltzmann’s entropy-probability-relation (probability 
taken equal to statistical temporal frequency) also 
lead to the same results. This double nature of radia- 
tion (and of material corpuscles) is a major property 
of reality, which has been interpreted by quantum 
mechanies in an ingenious and amazingly successful 
fashion. This interpretation, which is looked upon as 
essentially final by almost all contemporary physicists, 
appears to me as only a temporary way out. 


Tita Binz, Heidelberg 
Max PLANCK, 1858-1947 
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Fifty Years of Quantum Theory’ 


A. Sommerfeld (Part A) and F. Bopp (Part B) 
University of Munich, Munich, Germany 


HE LIFE OF Max P.anck and his great 
discovery have been treated in a separate 
essay, and we shall limit the present discussion 
to the consequences of his diseovery—conse- 
quenees which, one may say without exaggeration, 
have formed the principal subject of the experimental 
and theoretical research of the past fifty years. 

We believe that we should consider in detail the 
developments in the first twenty-five years, which 
have already faded from the memory of our con- 
temporaries, who are under the influence of the funda- 
mentally more important results of the past twenty- 
five years. Since it has proved impossible to present 
a complete bibliography, only occasional references 
to literature will appear in the text. 


Part A. Tue First Twenty-Five Years 


Planck himself originally believed that the cuantum 
hypothesis of radiation should be limited to the 
statistics of radiation exchange. Even in 1910 he 
mentioned that its application to the theory of the 
specific heat of matter seemed problematical to him. 
Not so to Einstein, who postulated in 1905 that a 
quantum hy was involved in the case of the individual 
processes of photo-effect and fluorescence. He soon ex- 
tended this postulate by assigning to the photon not 
only the energy hy, but also the momentum hy/c. In 
1912 he formulated the law of photochemical equiva- 
lence from which originated what may be called a 
new discipline—quantum-photo-chemistry. 

Einstein’s theory of specific heat is based on the 
formula of Planck’s resonator, assuming that the 
single molecules of the solid body oscillate inde- 
pendently of each other. At high temperatures this 
theory leads correctly to Dulong-Petit’s law, as well 
as to the known exception for hard substances such 
as diamond. However, at low temperatures the theory 
predicts a decrease toward zero that is much faster 
than the measurements of Nernst and his collaborators 
indicated. 

In 1912 P. Debye distributed the energy quanta hy, 
not over individual molecules, but over the inde- 
pendent normal oscillations of the solid, again accord- 
ing to the temperature dependence of a Planck res- 
onator, whereas the solid body itself was treated as 
a classical continuum. Atomism, in this case, is estab- 
lished only in an ingenious prescription for a cutoff: 
the classical spectrum of elastic “eigenvibrations” of 
the solid body is cut off where »=y,,,, in such a way 


1 Translated from the German by members of the Depart- 
ment of Physics, Purdue University. 
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that the number of proper frequencies becomes equal 
to the number of degrees of freedom of the molecular 
structure of the solid. The resulting T* law of specific 
heats and the characteristic temperature, = hy.../k, 
are quantitatively in agreement with the experiment. 

Debye, as early as 1910, had derived Planck’s law 
of black-body radiation by means of a similar pro- 
eedure. Again he distributed the energy quanta hy, 
according to statistical laws, over the electromagnetic 
“eigenvibrations of the Rayleigh-Jeans cube” and thus 
arrived at the spectrum of black radiation—this time 
without cutoff, because the number of degrees of free- 
dom in this instance is unlimited. 

A particularly impressive proof for the reality of 
energy quanta was given in 1913 by the experiment of 
James Franck and Gustav Hertz: electrons of pre- 
cisely known energy passed through mereury vapor 
at low pressure. At an accelerating voltage of 4.9 
the Hg-resonance line, = 2537 A, appeared for the 
first time; with increasing voltage the remaining Hg- 
lines were excited. The excitation energy of the 
resonance line is thus 4.9 ev, which agrees exactly with 
the hy of the excited wavelength \ =2537 A. Later 
the same behavior in other atoms was confirmed in 
innumerable cases (first tabulated by Foote and 
Mohler, Origin of Spectra, in 1922). 

Through the cooperation of spectroscopists of all 
nations there was available an enormous amount of 
information on measurement of wavelengths, the most 
intimate manifestations of atoms. A first attempt at 
order? was the separation of the wave numbers into 
two terms by J. R. Rydberg. W. Ritz, through his 
combination principle, showed that each term had a 
physical reality of its own: the difference of any two 
terms of an atom gives in turn another line of the 
atom (actual or observed only under certain con- 
ditions). This principle was first proved by Paschen 
in the infrared series of hydrogen. No expert. could 
doubt that the problem of the atom would be solved 
if one should learn to understand “the language of 
spectra.” 

We read in the beautiful biography of Carl Runge, 
the eminent spectroscopist and highly gifted mathe- 
matician, that he took every opportunity to learn the 
opinion of leading physicists regarding the possible 
interpretation of the curious series law which he had 
studied with H. Kayser. Thus he once called on Helm- 
holtz and presented him with the manuscript of a 
treatise in this field. Helmholtz sat quietly in thought 
and then said, as if to himself: “Yes, the planets! 
How would that be? The planets . . . but no, it won’t 


2 The simplest example is the well-known Balmer series. 
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do!” Runge continues his description of this visit: 
“T could not imagine then in what manner the planets 
were connected with the matter. But later I realized 
that he had obviously thought of the orbits of elec- 
trons around the nucleus.” 

We do not wish to be as imaginative as Runge and 
ascribe to Helmholtz the prediction of E. Rutherford’s 
atom nucleus and N. Bohr’s nonradiating orbits. How- 
ever, let us consider the last part: “It won’t do.” This 
indeed was the point of view generally taken by 
physicists confronted with the unbelievable riddle 
posed by the spectroscopy for classical physics: the 
convergence of series lines in a limit, the relation 
of the series among themselves, their transition to the 
continuous spectra, etc. 

It took many new ideas to solve the mystery: 
Planck’s discovery of h, the ingenious visualization of 
the atomic nucleus by Rutherford, as well as the 
daring postulates of young Niels Bohr on the stability 
of the atom; the nonradiating quantized electron 
orbits, the interpretation of series terms as energy 
levels (after multiplication by h), and their differ- 
ences as energy of the emitted light quanta. When 
F. Paschen presented Bohr’s first paper (Phil. Mag., 
26, 1913) in his laboratory in Tuebingen, he said: 
“This may be the most important paper in physics 
for the next decades.” 

For the H-atom it was sufficient to introduce one 
quantum number, the azimuthal quantum number. As 
J. Nicholson had done before Bohr, one sets the angu- 
lar momentum “p” of the electron equal to a multiple 
of h/2z. This follows as a special case from the gen- 
eral quantization of the phase integre!s ¢° pdq=mnh 
derived in 1915 by W. Wilson from the theory of 
heat radiation and applied almost simultaneously by 
him and A. Sommerfeld to the hydrogen spectrum. 
Besides the azimuthal number one must consider a 
“radial quantum number.”* Whenever a direction in 
space is distinguished—e.g., by a magnetic field—a 
third number is added, the magnetic quantum number, 
which in 1916 led to a provisional understanding of 
the normal Zeeman effect. Simultaneously K. 
Schwarzschild and P. S. Epstein treated the Stark- 
effect of hydrogen by introducing parabolic coordi- 
nates and two parabolic quantum numbers, besides 
an azimuthal quantum number. By doing so they ar- 
rived at a complete reproduction of the experimental 
findings in regard to number and position of the com- 
ponents. 

The quantum theory even threw light on that great- 
est of mysteries of chemistry, the periodic system 
of elements. Bohr conceived the electrons as being 
successively “caught” with increasing nuclear charge. 
Thus he was able to explain the shell structure of 

* Calculation by means of the phase integral assumes, how- 
ever, that the momentum p for each coordinate q be a pure 
function of ¢ (case of separability). Thus the phase integral 
is a special case of the finiteness of the phase element: 

dp dq=h introduced earlier by Planck as a criterion of 


statistically indistinguishable cases, and nowadays basic for 
every statistics (e.g., the Sackur-Tetrode formula). 


the atoms and, with the help of spectroscopic and 
x-ray-spectroscopic data, the correct sequence of atoms 
within the periodic system, such as the order of K, 
Ca, up to the closure of the M-shell. The shell strue- 
ture is defined by the principal quantum number n 
(the sum of the three quantum numbers mentioned 
previously). In 1925 E. C. Stoner divided the shells 
correctly into subdivisions, and the shell closure was 
definitely determined by the Pauli exclusion principle. 
However, for this a fourth quantum number was 
needed, m,=+4, now called the spin quantum num- 
ber. The period numbers 2x1?, 2x2%, 
2x4’... . predicted somewhat alchemistically by 
Rydberg were thus explained through Pauli’s postu- 
late that each electron state (completely defined by the 
four quantum numbers mentioned) can appear only 
once in an atom. The same rule also holds for elec- 
trons in molecules, crystals, conduction electrons, ete. 

We return now to the systematics of “hydrogenlike” 
spectra. The fundamental experiment by O. Stern 


and W. Gerlach (1921) demonstrates a clearly recog- 


nizable consequence of the spin quantum number m,, 
the spatial orientation of the magnetic moment con- 
nected with the spin. An atomic beam of vaporized 
Ag (or gaseous H, ete.), appropriately collimated, 
is deflected in an inhomogeneous magnetic field. This 
experiment shows that the atomic unit of magnetic 
moment is Bohr’s magneton, predicted quantum-theo- 
retically, and not the “Weiss magneton,” expected and 
one fifth as large. The Stern-Gerlach-effect has the 
basic advantage of being related to one state of the 
atom, the ground state, and not to a combination of 
both states, as is the Zeeman effect. The magnetic field 
in the Zeeman effect influences both states. Only by 
using the combination principle (T. van Lohuizen, 
1919; A. Sommerfeld, 1920) is it possible to draw 
conclusions regarding the magnetic behavior of the 
initial and final state of the atom. 

In 1916, application of relativistic mechanics 
showed that the Balmer terms, single according to 
ordinary mechanics, are relativistically separated into 
groups of neighboring components, and that the 
spacings between them are determined by the fine 
structure constant: a=e*/he ~aW Spectrograms of 
ionized helium taken at this time by Paschen showed 
more than qualitative agreement with the theory. The 
relativistic fine structure, in H finds its counterpart 
in non-hydrogenlike spéctra in the separation into 
principal and subordinate series. It is to be hoped that 
once the connection between e and h, established 
through the value a, is theoretically clarified, it will 
lead to a more thorough understanding of the rela- 
tions that seem to exist between the quantum of 
charge (€) and the quantum of action (h). 

In order to disentangle the spectra, not only must 
the term values be known, but also their possible com- 
binations. These are governed by certain selection 
rules, which take into consideration only the possi- 
bility or impossibility of combination. The “transition- 
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probabilities” caleulated later by wave mechanics 
accomplished more. The value 0 indicates that a com- 
bination is forbidden; a value > 0 indicates that a 
eombination is allowed .and gives the expected in- 
tensity of emission. 

If we confine ourselves to a one-electron system 
(e.g. alkali atom), the selection rules are: the 
azimuthal quantum number—called in wave mechanics 
l—ean change only by Al=+1. There are no re- 
strictions for the radial quantum number. For the 
“inner quantum number” the selection rule is: 
Aj=+1 or 0. Let us diseuss briefly the origin and 
meaning of quantum number j. This number (Ann. 
Physik. 63, 221, [1920]) originated from the struc- 
ture of the so-called “complete doublet and triplet” 
analyzed by Rydberg. This consists in the doublet sys- 
tem of three, and in the triplet system of six com- 
ponents (principal lines and satellites.) The choice 
of the name “inner quantum number” is not a happy 
one, since it seems to point to a hidden characteristic 
of the atomic nucleus. Actually j represents the total 
resultant angular momentum of the atom. In the single 
electron case it is the resultant of the orbital angular 
momentum / and the spin momentum m,=+%, and 
is j=1+4. Hence it follows necessarily from the 
conservation of areas, but is by no means a con- 
cealed constant of motion. The generalization of this 
definition for many-electron systems will be discussed 
later. 

As can be seen from the preceding discussion, the 
selection rules had to be conjectured from spectro- 
seopical data, and then adequately generalized. This 
was made possible only by the extraordinary precision 
of spectroscopical data. An approach that proved 
theoretically more satisfactory was found in Bohr’s 
correspondence principle. This follows from con- 
sidering radiation with large quantum-numbers 
(Fourier representation applied to the angle-coordi- 
nates first introduced by K. Schwarzschild) and uses 
the possibilities of combination found there in the 
ease of small quantum numbers. The uncertainty of 
conjecture is thereby substantially reduced. H. A. 
Kramers, especially, has shown the value of this 
method. 

In the many-electron system the salient point is 
the coupling of the individual | and m,. (This con- 
cerns only outer valence-electrons; the inner electrons 
form closed shells with momentum zero, according 
to the Pauli principle.) The spin vectors m, add 
algebraically to a resulting spin S, an integer or half- 
integer, depending on whether the number of electrons 
is even or odd. The orbital moments / add vectorially 
to form a resulting total moment L, an integer. L 
and S combine vectorially to form the resultant total 
angular momentum J. ‘This is the normal or Russell- 
Saunders coupling. J, like S, is integral or half- 
integral, and thus follows the alternation or displace- 
ment law, which is valid throughout the periodic sys- 
tem: the spectra are, with regard to the quantum 
number J, integral or half-integral, depending on 
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whether the number of electrons in the atom is even 
or odd. The doublet system of the alkalies is followed 
by the singlet- and triplet-system of the alkaline 
earths, the doublet- and quartet-system of the elements 
in the third column of the periodic table, the singlet- 
triplet- and quintet-system in the fourth column, ete. 
This is valid all through to the very beginning of the 
periodic system. Hydrogen has a (relativistic) doublet 
spectrum. The helium spectrum consists of triplet 
lines (orthohelium) «and singlet lines (parhelium). 
The selection rules for L and J are similar to those 
for 1 and j. In 1922, when Sommerfeld was lecturing 
at Harvard University on the selection rules, F. A. 
Saunders, who was present, confirmed, with satisfac- 
tion, that certain combinations of singlet and triplet 
terms for which he had looked in vain in the Ca 
spectrum were impossible because of these selection 
rules. The term notation now generally* adopted fits 
the Russell-Saunders coupling. According to the value 
of L the terms are called S, P, D, F, G, H, (L=0, 
1, 2, ... ) The superscript on the left indicates the 
multiplicity of the term (r=1, singlet; r=2, doublet, 
ete.), whereas the subscript on the right refers to the 
quantum number J of the level in question. For in- 
stance, the ground term of the iron spectrum is a 
quintet D-term °D;, where J can have the values 
4, 3, 2, 1, 0, and where J=4 represents the lowest 
term. 

The complex line groups resulting from the com- 
bination of multiplet terms (a generalization of Ryd- 
berg’s complete doublets and triplets) were known 
first through M. A. Catalan, who called them multi- 
plets, and were found in the London laboratories by A. 
Fowler in an investigation of the Mn-spectrum. Fol- 
lowing this study a rich multiplet literature developed. 
The disentanglement of the iron spectrum by O. 
Laporte (Diss., Munich [1924]) and F. M. Walters 
(J. Optical Soc. Am. [1924]) is a masterpiece in this 
field. Laporte’s work was considerably aided by the 
results on the Zeeman effects of the iron lines of the 
solar spectrum, made available by H. D. Babcock, Sr., 
of the Mount Wilson Observatory. The iron spectrum 
consists of combinations and intercombinations of the 
quintet-septet-triplet-systems. The spectra of the rare 
earths, already analyzed in part, are still more eompli- 
eated than the iron spectrum. 

Another achievement of brilliant and bold induction 
was Lande’s g-factor (1923), which regulates the 
anomalous Zeeman effects of any given multiplicity 
and any given quantum number L. This finding was 
prepared experimentally by the masterly magneto- 
optical measurements of E. Back. 

Besides the energy levels of multiplets, it was also 
possible to predict theoretically their relative intensi- 
ties. This was partially accomplished with the aid 
of the correspondence principle, and partially through 
the knowledge of the sum rules which the Utrecht 


*Compare in particular the atomic energy levels of the 
Bureau of Standards by Chaflotte E. Moore and W. F. 
Meggers (1949). 
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laboratory (L. S. Ornstein, H. C. Burger, H. B. 
Dorgelo) investigated systematically. These efforts 
were crowned by the establishment of general in- 
tensity formulas, valid for any given multiplets, and 
found simultaneously and independently in three 
different places: H. N. Russell (Nature), R. de L. 
Kronig (Z. Physik), A. Sommerfeld and Hénl 
(Preuss. Acad.). The most significant application of 
these formulas was made by Russell, who determined 
the abundance of various elements in the sun from 
the intensity of their multiplets. More recent caleula- 
tions by Unsdld could not substantially improve 
Russell’s results. 

F. Hund presented a complete system of these 
complex spectra. He and R. 8S. Mulliken applied 
similar principles to the band spectra of molecules. 
Other couplings besides that of Russell-Saunders are 
feasible: the (jj)-coupling seems especially important 
for the strueture of nuelei. 

The scheme sketched here seems to satisfy the prac- 
tical needs of spectroscopy. Although there still exist 
some inconsistencies (concerning even the simple 
atoms H and He), and although a number of ques- 
tions (such as the mutual disturbance of neighboring 
multiplets) remains to be discussed, the enormous 
body of material on wavelength measurements is now 
organized systematically with the help of integral and 
half-integral quantum numbers. The rules and desig- 
nations described here will remain useful for practical 
applications. Even though the early naive ideas had to 
yield to more abstract concepts, the conclusions drawn 
from them were confirmed to a large extent by de- 


velopments during the next twenty-five years and have 


been but slightly changed. 

Similar to the situation in the optical field is the 
situation in the field of x-rays. After the discovery of 
erystal analysis in 1912, the problem of the series 
connected with K, L, M-radiation was quickly solved. 
The experimental material was firmly anchored under 
the guidance of M. Siegbahn, was organized by means 
of the combination principle (W. Kossel), and applied 
to the periodic system (H. G. J. Moseley). Again, 
the relativistic doublet formula proved itself correct 
on a considerably enlarged scale because of the nuclear 
charge. These results must be considered as lasting and 
can hardly be changed by any possible refinements of 
quantum mechanics, 

The establishment of a short-wave limit of the con- 
tinuous x-ray spectrum by Duane-Hunt and D. L. 
Webster in 1915 was especially significant because it 
pointed directly to Einstein’s light quanta. This was 
demonstrated still more convincingly by A. H. Comp- 
ton’s great discovery (1923), which left no possible 
doubt regarding the reality of wave and particle. 


Part B. Tue Past Twenty-Five Years 


Today’s quantum theory originated from the discus- 
sion of two questions, leading by two different paths 
to the same goal. One approach is characterized by 
the names of L. de Broglie, E. Schroedinger and C. J. 


Davisson, and L. H. Germer; the other has been de- 
veloped by W. Heisenberg, M. Born and P. Jordan, 
and last, but not least, by N. Bohr and W. Pauli. 
Both paths meet again in the. work of P. A. M. Dirac. 

In interpreting the Compton effect as a collision 
between a light quantum (considered as a particle) 
and an electron, an old question again became urgent: 
How can one understand light interference produced 
by a diffraction grating according to quantum theory? 
W. Duane pointed out in 1923 that a diffraction grat- 
ing, considered as a periodic mechanical system and 
quantized according to Bohr-Sommerfeld, can only 
absorb discrete recoil momenta which, by the law of 
conservation of momentum, lead to specific deflections 
that correspond to the directions of constructive inter- 
ference. 

If the quantum conditions for the grating lead to 
interference, it must be irrelevant whether quanta or 
particles are diffracted by the grating. One can easily 
verify that thus any particles scattered by the grating 


behave like waves with a wavelength = (p=mo- 


mentum). This is exactly the relation which de 
Broglie postulated in 1924 as a relativistic corollary 
to Planck-Einstein’s equation E = hy. 

True, the objective of de Broglie is the opposite of 
that of Duane. De Broglie wanted to understand the 
quantum conditions as a consequence of interference 
phenomena; and he could show that the latter can be 
derived from the postulate that the wave train asso- 
ciated with a particle must include a whole number 
of wavelengths in a closed orbit. 

As early as 1925, W. Elsasser drew attention to 
investigations of the Ramsauer-effect (scattering of 
slow electrons by atoms) and to experiments by C. J. 
Davisson and C. H. Kunsman (1923) on the reflection 
of electron beams from single crystals, as indications 
of particle interference. But only in 1927, about one 
year later than Schroedinger’s first paper, the im- 
proved measurements by C. J. Davisson and L. W. 
Germer brought the definitive experimental proof of 
the reality of de Broglie’s waves. Shortly afterward, 
G. P. Thomson and A. Reid obtained the first Debye- 
Scherrer pictures with electron beams. The wave 
properties of protons and atoms were demonstrated 
in 1928 in studies by Th. H. Johnson, F. Knauer, and 
O. Stern, and by I. Estermann and O. Stern. 

As mentioned earlier, Schroedinger formulated de 
Broglie’s hypothesis mathematically with unsurpassed 
skill, prior to the experimental verification of matter 
waves. The basis of Schroedinger’s investigation is the 
understanding that, besides the de Broglie relation be- 
tween wavelength and momentum, the classical equa- 
tions of motion for massive particles must follow from 
the proposed wave theory of electrons as an ap- 
proximation that corresponds to geometrical optics. 
Indeed, if one accepts the additional hypothesis 
that mater waves (as cotntrasted to electromagnetic 
waves) are represented by one single scalar wave 
function y, Schroedinger’s nonrelativistic wave equa- 
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tion for an electron in a potential field is uniquely 
determined as 


A y+ (E-¥) y=0. 


In spite of the fact that this hypothesis must be 
corrected later on, Schroedinger’s method worked 
very well, especially for the derivation of Bohr’s 
equation for energy levels in the hydrogen atom: 


h-e-R 
E = The exclusion of the quantum number 


n=0 follows automatically, whereas it was obtained 
only empirically in the old quantum theory. De- 
viating from the older quantum theory, the energy 
terms for the oscillator and rotator have become 


E=he and (1+1).® The new formu- 


las agree with experimental fact and are identical 
with the results of matrix mechanics. The modified 
rotator equation had been deduced earlier, empirically, 
from band spectra. 

The frequencies of the eigenvibrations of the elec- 
tron waves in the atom are determined by the energy 
terms. However, the nature of the wave function y— 
(just what is oscillating?)—is unknown at first. It 
had been known, of course, that the phase S, of the 


generally complex wave function y=/¥/e,8 is closely 


connected with the action function of particle me- 
chanics. What is, then, the quantity/y/? From the 
time independence of the integral fy*ydr (taken over 
all space) it follows that this same integral represents 
a quantity which is conserved in the course of motion 
just like the charge of the electron. This quantity will 
have to be related to the charge. Schroedinger assumed 
at first that y*y is the density of the continuously 
spread-out charge of the electron. This concept had 
to be rejected, because the charge density of a free 
particle would soon diffuse. For later discussions it 
should be kept in mind that the space integral over 
the density, Ym*Wn, obtained from two solutions of 
Schroedinger’s equation, is constant. 

Further progress in wave mechanics came about 
only in connection with Heisenberg’s matrix mechan- 
ies, already formmlated in 1925 before Schroedinger’s 
discovery. The sum rules (Part A), the derivation of 
the selection rule from the correspondence principle, 
as well as the estimation of intensities of spectral 
lines, had shown that the formulas of classical electro- 
dynamics, for the intensity of radiation of revolving 
or oscillating charges, must also find their place in 
quantum mechanics. Heisenberg recognized the pos- 
sibility of retaining those formulas and saw that the 
question to be asked was: which quantities must be 
substituted for frequency and amplitude of oscillation 

8 B, the energy ; h, Planck’s quantum ; c, the light velocity ; 
Ry, the Rydberg constant ; , the principal quantum number. 


® These expressions approach, for large quantum numbers, 
n and I, Bohr’s formulas (correspondence principle). 
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under the changed condition of quantum mechanics? 
According to Bohr’s theory, it was to be expected 
from the very beginning that these quantities could 
not be related directly to electron orbits, but to transi- 
tions between two stationary states (of Bohr’s atom), 
and that the frequency ©,,, of the emitted quantum 
must be substituted for the orbital frequencies. Thus 
the “transition amplitudes” X,,,, could be determined 
empirically. Heisenberg was able to derive the laws 
for X,,, from Thomas-Kuhn’s sum rule and from con- 
sideratic :s following from the correspondence prin- 
ciple. The formulation of these laws is particularly 
simple, if one writes the amplitudes for all transitions 
as matrices. First, because in this ease the ordinary 
equations of motion hold for the matrices if one sub- 
stitutes matrices for the coordinates, and if multipli- 
cation means matrix multiplication. Second, between 
the amplitudes x and the transition momentum p = mz, 


commutation relations hold: px-ap= ; I (1=unit 


matrix) which are integrals of the equation of motion 
and follow directly from the Thomas-Kuhn sum rule. 

Next to Heisenberg, science is indebted to M. Born 
and P. Jordan (1926) for the development of the 
formalism of matrix mechanies. Born went further and 
found the bridge leading to wave mechanics. He in- 
terprets y*y (unlike Schroedinger) as probability den- 
sity, so that diffusion of density means that the desig- 
nation of the position of a free particle in the course 
of time becomes less and less determinate. Correspond- 
ingly, the transition density W»,"y,, mentioned above, 
characterizes the transition between two quantum states 
and permits the ealeulation of Heisenberg’s matrix 
elements. Thus, for wave mechanics the caleulation of 
intensities became possible. The atom had now become 
accessible to the elegant methods of analysis. Despite 
his dislike of the statistical reinterpretation of his 
beautiful wave picture, Schroedinger himself, as well 
as C. Eckart, soon proved the mathematical equiva- 
lence of wave mechanics and matrix mechanics. 

Before proceeding to the numerous problems that 
could now be solved one after another, we must dwell 
on some attempts to interpret quantum mechanies, 
which are so profound that, to use Heisenberg’s ex- 
pression, it is no longer merely a matter of under- 
standing physics, but a matter of “philosophical 
position.” 

First to be considered are the discussions in Copen- 
hagen between Bohr and Heisenberg, which resulted 
in Heisenberg’s formulation of the uncertainty prin- 
ciple and Bohr’s concept of complementarity. Con- 
sidered in this way the ideas of waves and ~articles 
are basic concepts that complement each 0. Both 
describe a piece of reality in the same way a: —oes the 
projection of a three-dimensional object on two 
planes, where alternately one or the other projection 
may give a better picture, but never a complete pic- 
ture of reality. Their limitation is determined by the 
uncertainty principle, according to which it is not 
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possible to determine accurately and simultaneously 
both position and momentum. ; 

During the Solvay Congress of 1927 an even more 
profound question was discussed by Einstein and 
Bohr. This can be described with the help of the pre- 
vious analogy of double projection as follows: Is it 
possible to unite the pictures obtained on the pro- 
jection planes into one concept or image embracing 
both? Although such a union is possible, mathe- 
matically, without contradiction by quantum mechan- 
ies, no answer could be found that would satisfy all 
physicists. Lately, those discussions have been revived 
in articles of Bohr and Einstein in the publication 
honoring Einstein’s seventieth birthday.’ Bohr was 
able to refute Einstein’s objections, which were pre- 
sented in the form of hypothetical experiments; Ein- 
stein apparently did not succeed in completely pre- 
senting the central points of his criticism in the form 
of these hypothetical experiments. These differences 
in comprehension cannot be disposed of lightly in the 
manner of the wise resignation that Planck expressed 
in his autobiographical annotations (Naturwissen- 
schaften, 1947); namely, by pointing to a “difference 
in generation.” 

An essential contribution to the interpretation of 
quantum mechanies, preceding the Copenhagen discus- 
sions, is the statistical transformation theory which 
originated with Dirac and Jordan. Every complete set 
of quantities simultaneously and exact]~ observable 
forms a possible basis for the transformation theory— 
e.g., the position coordinates in the simple Schroedinger 
equation. At a given moment these quantities are sta- 
tistically described by the wave function, in this con- 
nection called “probability amplitude.” A wave func- 
tion of this kind changes in the course of time within 
a free physical system, or during measurements, ke- 
eause of the interaction with the measuring instru- 
ment. The change, mathematically, is a transformation 
of the wave function, which is uniquely defined be- 
cause of the process or because of the experimental 
arrangement, and which becomes an objective expres- 
sion of the nature of the system or of the interference 
in the act of measuring, independent of any philo- 
sophical point of view. 

J. v. Neumann, in 1927, was able to derive yet an- 
other important conclusion from the statistical trans- 
formation theory. Purely descriptively the motion of 
an electron resembles the Brownian movement of a 
colloidal particle in a gas. Therefore consideration has 
been given to interpreting the statistical character of 
quantum mechanics as a result of the coupling of 
atomic particles with a statistical system, unknown, 
but corresponding to the gas in question. J. v. Neu- 
mann has shown that any assumption of this kind 
leads to fluctuations other than those predicted by 
quantum mechanics. 

Fundamental to quantum mechanics is the discus- 
sion of electron spin. With the help of Sommerfeld’s 


tAlbert Binstein: Philosopher-Scientist. The Library of 
Living Philosophers, Vol. VII (1949). 
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inner quantum numbers (1920-21), it was possible to 
understand the multiplet structure of spectral lines, 
Pauli had insisted quite early that this must be the 
manifestation of an electron property which, in turn, 
led S. Goudsmit and G. E. Uhlenbeck in 1925 to the 
hypothesis that the electron must have its own spin 


5 h 
momentum of the magnitude 5 and a magnetic moment 


(Bohr’s magneton) — Pauli, in 1927, opened the 


way to successful wave mechanical treatment of the 
spin by the assumption of two wave functions. Thus, 
one must abandon Schroedinger’s hypothesis that the 
wave function has only one scalar component. The 
other two fundamentals of the wave equation—the de 
Broglie-relation and the identity between the approxi- 
mation of geometrical optics and classical mechanics 
—remained unimpaired. Thus the spin becomes an 
essential quantum mechanical characteristic with noth- 
ing comparable in the classical approach.® 

The entire development was completed in 1928 in a 
perfect manner by Dirac’s relativistic wave equation 
of the electron. This wave equation combined four 
components of the wave function by a system of four 
linear partial differential equations of first order. The 
effect of Dirac’s equation on spectroscopy is to sur- 
pass Pauli’s equation in the confirmation and refine- 
ment of Sommerfeld’s formula for the hydrogen fine 
structure. Its significance, however, reaches farther, 
since in later years there has been the undersanding 
that different particles correspond to different wave 
equations. The wave equations of the meson by A. 
Proca, H. Yukawa, and N. Kemmer ean serve as 
examples. 

Heisenberg’s work on He (1926) is, next to the cal- 
culation of intensities, one of the first applications of 
quantum mechanics. Here it became evident that the 
new theory was adapted to the quantitative treatment 
of many-body problems. This first, simple example led 
to the central concept of “exchange force,” which has 
to do with the fact that the average energy of both 
electrons in the atom depends on the probability with 
which the electrons can approach each other (correla- 
tion). Whereas the analogous question concerning 
phase relations between two rotating electrons could 
not be solved with the older quantum theory, wave 
mechanics offered certain correlations, that is, the 
symmetry or antisymmetry in the position coordinates 
of the wave functions. The two types of solution led to 
the empirical term systems of ortho- and parhelium. 

The hydrogen molecule can be handled in a similar 
manner, assuming the heavy hydrogen nuclei to be at 
rest, since in this case, one must deal with two elec- 
trons in a fixed potential field. Here again one arrives 
at two-term systems, the energy values of which de- 
pend, furthermore, on the distance between protons. 

8 Lately, the possibility of correcting this viewpoint by 


means of the theory of elementary particles has slightly 
increased. 
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In 1927 F. London and W. Heitler were able to show 
that the energy of the lowest state becomes smaller at 
first as the protons approach each other, and only at 
very small distances does it increase rapidly. The re- 
sulting attraction explains the homopolar chemical 
bond. This created the basis for quantum chemistry, 
which was developed further by J. C. Slater and L. 
Pauling, and in particular by E. Hiickel, who was 
able to explain the conjugated double bond (benzene 
ring). It also established a basis for the theory of 
molecular spectra (F. Hund, R. 8. Mulliken, E. Wig- 
ner, et al.). In these investigations methods of group 
theory were useful. Heisenberg was able to show in 
1928 that the Weiss force in ferromagnets is due to 
an exchange force between electrons; and F. Bloch in 
1930 successfully applied the method of Heitler-Lon- 
don to electrons in ferromagnetics. 

All these investigations are based on the Pauli prin- 
ciple (Part A). This means, expressed in terms of 
wave mechanics, that the total wave functions, depend- 
ing on position and spin coordinates, must necessarily 
be antisymmetric. In quantum mechanies it appears as 
an empirical law that is consistent with the fundamen- 
tal requirements. It could only be proved, by Pauli, in 
quantum theory of wave fields (Revs. Modern Phys. 
{1941]). A direct experimental confirmation is given 
by collision experiments with like particles (N. F. 
Mott’s collision formula). 

As in classical mechanies, the three- and many-body 
problem in quantum mechanies can be attacked only 
by means of approximation methods. In wave mechan- 
ies, such methods were developed by L. H. Thomas 
and E. Fermi (1928), and by D. R. Hartree and V. 
Fock (1928), and used for the calculation of atomic 
states. The first one is particularly convenient for 
many problems; it has been used for studies on heavy 
nuclei (Heisenberg, Solvay Congress, 1934), especially 
for investigating the saturation of nuclear forces. 

The Fermi-Dirac statisties, already known in older 
quantum theory, is also based on the Pauli principle. 
Its application to conduction electrons in metals, 
which, in a first approximation, are treated as free 
particles, led Sommerfeld (1927-28) to a successful 
revival of P. Drude’s theory of conductivity, as well 
as to an explanation of the Wiedemann-Franz law. 
The behavior of electrons in a lattice has been particu- 
larly studied by R. Peierls and F. Bloch (1930). Its 
most important result is the band structure of energy 
terms and the resulting classification of conductors, 
semiconductors, and insulators. Apparently the elec- 
trical resistance depends on the interactions between 
electrons and the irregular fluctuations of the potential 
in the lattice caused by thermal motion, impurities, and 
lattice defects (residual resistance at low tempera- 
tures). Lately, interest has been directed toward phos- 
phors and semiconductors, which are important for 
technical applications. The problems of superconduc- 
tivity and superfluidity have not yet been solved 
completely. 

As early as 1927 Hund pointed to the predissocia- 
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tion of molecules in an electrical field as an example 
of the penetrability of the potential barrier by elee- 
trons, the energy of which is insufficient to surmount 
the barrier (tunnel effect). G. Gamow’s theory of the 
a-deeay of radioactive atoms (1928) is another ex- 
ample. Here, for the first time, quantum mechanies is 
being applied to problems of nuclear physics. Only 
after the discovery of the neutron (1932) was it pos- 
sible to deal systematically with nuclei and to con- 
sider both the neutron and the proton as elementary 
nucleons. On the basis of Heisenberg’s hypothesis 
(1933), the force between them could be considered 
as the result of an exchange of charge, whereby the 
particles constantly interchange roles. The fundamen- 
tal problem of nuclear physics, to derive the elemen- 
tary forces between nucleons from the behavior of 
atomic nuclei, has not yet been solved completely, in 
spite of many successful solutions of special prob- 
lems (H. A. Bethe, Revs. Modern Phys. [1937-38]; 
L. Rosenfeld, Nuclear Forces, New York [1948]). Ae- 
cording to general opinion, the difficulties are closely 
connected with problems of the theory of elementary 
particles. For this reason, the explanation of the 
“Magie Numbers” by Mrs. M. Goeppert-Mayer in 
America and by O. Haxel, H. E. Suess, and J. H. D. 
Jensen in Germany (1949) is especially gratifying. 
According to this, the nucleons in the densely packed 
nucleus can be considered as independent particles, 
moving in an average potential field. 

Up to now, Bohr’s frequency condition and the 
formula for the emitted intensity have not yet been 
made an integral part of quantum mechanies, although 
Jordan showed, in 1925, that this could be achieved 
by the application of quantum mechanics to the proper 
frequencies of the radiation field. This idea took hold 
only after Dirae’s comprehensive work on radiation 
theory in 1927. It also laid the foundation for the 
general theory of wave fields. It seems particularly 
remarkable that light quanta become countable, though 
not individually distinguishable carriers of radiation 
without the help of a new hypothesis (Bose-Einstein 
statistics). Essential are operators describing the emis- 
sion and absorption of light quanta. 

If one attempts, on this basis, to take up the entire 
problem of “electron and radiation” (Jordan-Wigner, 
Jordan-Pauli, Pauli-Heisenberg, around 1930), one 
soon is confronted with grave difficulties, which arise 
from the fact that it is not permissible to talk of point 
charge in the immediate vicinity of the electron. Espe- 
cially must it be kept in mind that particles and quanta 
are constantly produced and annihilated, some vir- 
tually and temporarily, others in reality, as in the 
ease of pair production discovered in 1932 by C. D. 
Anderson (predicted four years earlier by Dirac). 

In spite of successes, even the recent ones of R. P. 
Feynman, 8. Tomonaga, J. Schwinger, and F. J. 
Dyson, and in spite of the certainty that quantum 
electrodynamics is on the right road, a rigorous solu- 
tion of the present basic questions leads to divergen- 
cies. In order to remove these divergencies, methods of 
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renormalization have been proposed which appear to 
be concealed changes of the basic equations not yet 
analyzed in detail. 

It has been mentioned that the discovery of new ele- 
mentary particles has led to new equations (Kemmer), 
similar to the Dirac equation, but with a different spin. 
Investigation of these shows that the general quantum 
theory of wave fields is still more problematical than 
quantum electrodynamics. This is partly due to the 
fact that the coupling -between fields cannot be con- 
sidered as small, so that the first approximation, the 


only convergent one, does not yield a good representa- 
tion of reality, even in accessible energy ranges. 

Here we close this chronicle. Questions concerning 
“a possible smallest length,” the relation between ele- 
mentary particles, and Born’s “Apeiron”—an all-en- 
compassing concept of the laws of all elementary par- 
ticles—do not yet belong to history but represent sub- 
jects of contemporary work which, it is to be hoped, 
will be as successful as that of the period we have 
discussed. May our times favor this pursuit of pure 
knowledge! 


Quantum Theory and Chemistry 


Linus Pauling 
Gates and Crellin Laboratories of Chemistry, California Institute of Technology, Pasadena 


HE DEVELOPMENT OF THE SCIENCE 

OF CHEMISTRY during the first half of the 

twentieth century has been in great measure 

the result of the application of quantum 
theory to chemical problems. The history of quantum 
theory in chemistry during this period comprises 
nearly the whole of the recent history of the science 
in its theoretical aspects. 

In 1900 chemistry was well developed as an art and 
as an empirical science, but it was replete with puz- 
zles, Any chemist could ask hundreds of questions 
that no one could answer—questions as to the nature 
of matter and of chemical change, the structure of 
elements and compounds in the gaseous, liquid, and 
crystalline states, the mechanism of chemical reac- 
tion. The electron had been discovered, but it was not 
yet known that an atom contained, in addition to one 
or more electrons, a very small, heavy nucleus. Chem- 
ical valence was simply a part of the empirical struc- 
ture of chemistry, with hardly more than a glimmer- 
ing of structural interpretation, in terms of the trans- 
fer of electric charge that had been introduced by 
Berzelius a century before. The valence bond, fifty 
years after it had been brought into the chemical 
system by Cowper and Kekulé, remained just a line 
drawn between the symbols of two elements in a 
structural formula, or a coupled pair of hooks. Now, 
in 1951, nearly the whole of chemical science has been 
given an explanation, an interpretation, in terms of 
simple particles—electrons, nuclei, and light quanta— 
and simple, fundamental processes. The puzzling ques- 
tions as to the nature of chemical substances and 
chemical reactions have been answered. There are still 
problems—many problems—in chemistry, but, with 
rare exceptions, they are problems rather than puz- 
zles. We now understand the dimensional region of 
chemistry, the region involving lengths 10-* to 10-7 em. 
The great puzzles that nature now presents to us are 


in the nuclear region, around 10-!* em, in the region 
of the gene, around 10-* em, and in the region of 
universes, around 10** em. 

The first significant application of quantum theory 
to chemistry was made by Einstein, in his explanation, 
in 1907, of the decrease in heat capacity of substances 
at low temperature. In the formulation of the third 
law of thermodynamics by Nernst it was necessary 
to assume that the reactants and the products in a 
chemical reaction should, at very low temperatures, 
have no difference in heat capacity. It was found by 
experiment, by Nernst and Eucken, that indeed the 
heat capacity. of solids decreases, apparently asymp- 
totically toward zero, at very low temperatures, and 
Einstein pointed out that the statistical mechanical 
treatment of a quantized oscillator teads to a heat 
capacity curve which falls off toward zero, as ob- 
served. Greatly improved quantitative agreement with 
experiment was obtained by Debye, through the dis- 
cussion of the spectrum of vibrational frequencies of 
the solid substance, and the theory was further re- 
fined by Born and Karman. During the next fifteen 
years the statistical mechanical interpretation of the 
whole of thermodynamics was achieved, through the 
application of quantum statistical mechanics. One of 
the most recalcitrant problems, that of the heat ea- 
pacity of gaseous hydrogen, was finally solved in 
1926, by D. M. Dennison, through the introduction 
of the postulate of a frozen equilibrium between ‘two 
kinds of molecular hydrogen, ortho hydrogen and para 
hydrogen. 

Einstein was also responsible for the next applica- 
tion of quantum theory to chemistry, the formulation 
of the law of photochemical equivalence, the role of 
the light quantum in chemical reactions. This contri- 
bution, made by Einstein in 1912, with the stimulus 
of early efforts by Warburg (1907, 1909), which in 
turn were based on Einstein’s introduction of the light 
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quantum in the treatment of the photoelectric effect, 
gave at once an explanation of the existence of a 
short-wavelength limit of light producing a chemical 
reaction, and of the amount of reaction produced by 
a given amount of light absorbed. The quantum theory 
has been fundamentally involved in all further devel- 
opments of photochemistry—the development of the 
theory of molecular spectra and molecular structure, 
the Franck-Condon principle, the theory of photo- 
chemical chain reactions, and the special mechanisms 
involved in such important photochemical reactions 
as the photochemical fixation of carbon from carbon 
dioxide by chlorophyll. 

Quantum theory has had great significance for prac- 
tical chemical thermodynamics. The discovery of the 
ways of calculating the entropies of gases from spec- 
troscopic and molecular structural data and of the 
residual entropy in some crystals, carbon monoxide, 
nitrous oxide, hydrogen; ice, ete., at very low tem- 
peratures has led to significant progress, and at the 
present time the best available free-energy data for 
many substances are those obtained by use of quantum 
mechanical calculations, rather than solely by direct 
experiment. Sackur and Tetrode, Eucken, F. Simon, 
Clausius, and especially Giauque have been great con- 
tributors in this work. 

The most important periods in the development of 
chemical theory were the few years after the formu- 
lation of the Bohr theory of the atom, in 1913, and 
the few years after the discovery of quantum me- 
chanics, in 1924. After Bohr and Sommerfeld had 
devised the methods of discussing the motion of elec- 
trons in atoms, with use of the old quantum theory, 
it became possible to interpret the greatest of all 
chemical generalizations, the periodic table of the 
elements, in terms of electronic structure. This step 
was taken by Bohr himself; a small refinement was 
introduced, largely on the basis of chemical data, by 
Main-Smith. Elementary electronic interpretations of 
chemical valence were formulated by Kossel and G. 
N. Lewis, in 1916. Kossel laid especial emphasis on 
the transfer of electrons from electropositive to elec- 
tronegative atoms, with the resultant formation of 
ions, and quantitative calculations of predicted prop- 
erties of ionic erystals were carried out by Madelung, 
Born, and Haber, with use of the concepts of ioniza- 
tion potentials, electron affinities, and the balancing 
of electrostatic attractive forces by characteristic re- 
pulsive forces between atoms. These calculations rep- 
resented the first moderately successful effort to pre- 
dict the properties of substances (enthalpy, entropy) 
from knowledge of their structure. G. N. Lewis was 
especially interested in the far greater class of non- 
ionie substances. In 1916 he introduced the concept 
of the chemical bond as a pair of electrons held jointly 
by two atoms, and he and Irving Langmuir showed 
that this postulate provided a satisfying basis for 
the systematization of a great amount of chemical 
knowledge. 

During the period since 1913 powerful methods of 
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determining the structure of molecules and crystals 
have been developed. The first of these was the method 
of determining the structure of erystals by the dif- 
fraction of x-rays, which was originated in 1912 and 
1913 by M. von Laue and W. H. and W. L. Bragg, 
and which, through application by a great many in- 
vestigators, permitted during the following years the 
acquisition of a very great amount of structural in- 
formation. This has assisted in the clarification of the 
structural chemistry of simple inorganic substances, 
inorganic complexes, organic substances, the silicate 
minerals, and metals and intermetallic compounds. 
The development of molecular spectroscopy, especially 
during the period 1918-1925, has also led to the ae- 
quisition of much structural information. Perhaps the 
most important experimental technique for the investi- 
gation of the molecular-structure of organic substances 
has been the electron diffraction technique, developed 
in 1929 by H. Mark:and R. Wierl,-which has ‘been 
used in the determination of interatomic distances and 
bond angles for many hundreds of organic gas mole- 
cules. The study of the electric and magnetic proper- 
ties of substances has also been of value in the devel- 
opment of modern structural chemistry, and in recent 
years the methods of microwave spectroscopy have 
provided precise structural information for many 
rather simple molecules. 

I myself remember well the exciting second period 
of progress in quantum theory, which occurred dur- 
ing the twenties. One after another, experimental 
facts were found to show a small or large incom- 
patibility with the old quantum theory; in many 
eases a patched-up reconciliation was brought about 
by means of ad hoc changes, such as the use of half- 
integral quantum numbers; and finally the great clari- 
fication was achieved, through quantum mechanics 
and the spinning electron. The observed small differ- 
ence in vapor pressure of isotopes in condensed iso- 
tope mixtures was recognized by O. Stern in 1919 
as requiring zero-point~oscillational energy, and this 
conelusion was soon verified by the isotope effect in 
the vibrational spectra of diatomic molecules. The 
pure rotation spectra of the hydrogen halides were 
found to require a change in the representation of 
quantized energy levels. Millikan and Bowen empha- 
sized the anomaly in the explanation of two kinds of 
x-ray and optical doublets in terms of: the same dif- 
ferences in the ellipticity of the Bohr-Sommerfeld 
orbits. The magnetic and electrical properties of di- 
polar gases-were found to differ from those predicted 
by the old quantum theory. And no postulates about 
half-integral or otherwise abnormal quantum numbers 
could be devised that would permit the old quantum 
theory to be brought into quantitative accord with the 
known energies of formation of the helium atom and 
the hydrogen molecule-ion (a structure containing the 
simplest of chemical bonds). The old quantum theory, 
with its suggestion of two types of electronic orbitals, 
ineluding either one or two atomic nuclei, seemed not 
to be compatible with the chemical evidence for a con- 
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tinuous sequence of chemical bonds, from the ionic 
extreme to the covalent extreme; and, indeed, the. dif- 
ferences between the chemists’ atom and the physi- 
cists’ atom seemed to be so great as to make their 
synthesis inconceivable. Then the new quantum me- 
chanics was discovered, and within a few years all 
of these problems were solved. 

The discovery of the wave character of electrons 
by L. de Broglie, Davisson and Germer, and G. P. 
Thomson, and the development of quantum mechanies 
by Heisenberg, Schroedinger, and Dirac, initiated the 
second period of rapid progress in the process of con- 
version of theoretical chemistry into its present state. 
The Pauli exclusion principle, with its quantum me- 
chanical explanation in terms of antisymmetric wave 
functions and the spinning electron, completed the 
fundamental theory of the periodic system of the ele- 
ments in terms of electronic structure. The shared- 
electron-pair chemical bond postulated by G. N. Lewis 
was found to have a sound basis in quantum theory; 
Biirrau, Heitler and London, Slater, Mulliken, Hund, 
Hiickel, and many other people contributed to this 
development. In the period of a few years beginning 
in 1930 other aspects of the general theory of the 
electronic structure of substances were formulated, in- 
cluding the hybridization of bond orbitals and the 
resonance of molecules among two or more structures 
of the valence-bond type. The theory of the rates and 
mechanisms of chemical reactions was also brought 
into its present state. After early work had been done 
by R. C. Tolman, O. K. Rice, L. 8. Kassel, H. Ram- 
sperger, G. N. Lewis, and other workers (with the 
closely related problem of radioactive decomposition 
of nuclei treated by Condon and Shortley, Gamow, 
Born, and others), the theory was brought into its 
present form by F. London, Polanyi, Eyring, and 
Hinshelwood, and, in its application to organic re- 
actions especially, by Ingold and F. O. Rice. 

Another outstanding step in the development of an 
understanding of nature was the discovery of the ex- 
planation of van der Waals forces of attraction, by 
F. London, in 1929, as resulting from the mutual 
polarization of atoms through synchronization of their 
electronic motions. Important also was the formulation 


of the electronic theory of metals by Pauli, in his 
treatment of the weak temperature-independent para- 
magnetism of the alkali metals in 1926, and its ex- 
tension by Sommerfeld, Eckart, Houston, Mott, and 
many other workers. Although the part played by the 
quantum theory in their discovery is an indirect one, 
the many new elements that have been manufactured 
in recent years must also be mentioned in a review of 
chemistry during the twentieth century; it cannot be 
denied that the neutron and the transuranium ele- 
ments are to be considered as a part of quantum chem- 
istry, rather than of classical chemistry. 

Thus we have reached the fiftieth anniversary of the 
discovery of the quantum of action, with the science 
of chemistry largely clarified as a result of this dis- 
covery. There are still problems to be solved, and some 
of them are great problems—an example is the prob- 
lem of the detailed nature of catalytic activity. We 
ean feel sure, however, that this problem will in the 
course of time be solved in terms of quantum theory 
as it now exists: there seems to be little reason to 
believe that some fundamental new principle remains © 
to be discovered in order that catalysis be explained. 

We may now ask about the puzzling problems in the 
other dimensional regions, in relation to quantum 
theory. It is clear that in the field of the elementary 
particles, their interaction with radiation, and their 
aggregation into nuclei—that is, in the dimensional 
region around 10-'* em—significant changes in the 
present quantum theory remain to be made. On the 
other hand, I believe that in the region of the gene, 
the dimensional region around 10-* em, there are com- 
prised only structures and reactions that can be inter- 
preted in terms of the present system of chemical and 
physical theory, and that no fundamental new prin- 
ciples need to be applied. The problem of the gene 
and of biological phenomena in general will be solved, 
I believe, when more structural information about bio- 
logical systems has been gathered. As to the dimen- 
sional region of universes, 10°* em, I do not know: 
I do not know whether or not we have reason to antici- 
pate the discovery of a megascopie quantum theory of 
the universe, but such a possibility should not be 
ruled out of consideration. 
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Conceptual Foundations of the 
Quantum Theory 


Henry Margenau 


Sloane Physics Laboratory, Yale University, New Haven, Connecticut 


THe Worvp or CLassicaL Puysics 


IFTY YEARS AGO, when Planck discovered 
that light is not a continuous wave but a series 
of energy pulses, the world of science was 
amazed. Incredulous and perplexed at first, it 

hesitated to accept so strange a notion as the “quan- 
tum” but was forced nevertheless to acknowledge it as 
viable and healthy. Thus Planck’s famous h survived 
its first few years as a curiosity and as a misfit, while 
most physicists tried to isolate it as far as possible 
from the more acceptable ideas that formed their 
stock in trade. Its originator himself, who may be 
quoted here, “tried immediately to weld the elementary 
quantum of action h somehow into the framework of 
the classical theory. But in the face of all such at- 
tempts, this constant showed itself obdurate. . . .” 
“Many of my colleagues,” he goes on to say, “saw in 
this something bordering on tragedy” (M. Planck. 
Scientific Autobiography. New York: Philosophical 
Library [1949]). 

Discovered as an exception to all rules, the quantum 
effect developed during the following two decades into 
a major threat to the long-cherished idea of continuity. 
Einstein’s explanation of the photoelectric effect 
(1905) and Bohr’s atomic theory (1913) exposed the 
workings of quantization in a far wider range than 
had been assumed originally, and the question arose 
whether all fundamental processes of nature might not 
take place discontinuously. Light energy, it was 
learned, was transmitted in pulses called photons; 
electrons jumped suddenly and unpredictably from 
atomic orbit to atomic orbit; molecules vibrated in 
discrete states of motion. Might it not be, then, that 
all phenomena ultimately partake of such fitfulness, 
that everything comes in lumps of smallest but finite 
size, that continuity is a myth? 

These were among the most radical questions asked 
up to 1925. They reflect a readiness on the part of 
science to abandon some of the traditional ideas about 
the qualities of the universe and to replace them by 
features that seemed strange at the time; but the 
spirit behind the inquiry was still the desire to learn 
new things about a world of preconceived essences. 
Science at this time would grant the possibility of 
unexpected features, such as discontinuity, but would 
not doubt the basic methodological premises on which 
our whole conception of the world is based. It did 
not question complete objectivity of description, the 
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independence of the known from the knower, nor did 
it cease to think in terms of mechanical models, nor 
doubt the predetermination of physical events. All 
these unorthodox doubts have been raised and con- 
firmed in the past twenty-five years. They were pre- 
cipitated by the remarkable series of incisive dis- 
eoveries connected with the names of Bohr, Heisen- 
berg, Schroedinger, Dirac, Born, Jordan, Compton, 
de Broglie, and many others. 

Today, many scientists still think of the quantum 
theory as the doctrine of discontinuity, according to 
which all ultimate parts and properties of nature 
have some smallest measure. But it is in fact far more 
than this: a new way of thinking, a new view of 
physical reality, a new interpretation of the relation 
between the observer and the world. The sense in 
which this is true will be outlined in the following 
pages. 

It is against the backdrop of “classical physics” 
that these profound changes have taken place, it be- 
hooves us to portray the backdrop first. The reader 
will find in this portrayal a statement of some of his 
firmest convictions, a summary of the scientifie creed 
of centuries, indeed the gist of what he would regard 
as common sense. Only on realizing this does the mag- 
nitude of the departure that the quantum theory rep- 
resents become apparent. 

Our description of classical physics will concern 
itself with only one part of this wide field, the part 
ealled classical, or Newtonian, mechanics, which is at 
once its simplest chapter and the most typical repre- 
sentative of its procedures. It is a lineal descendant 
of astronomy and has inherited the grandeur, as well 
as the inexorability, of that ancient branch of science. 
Kant, whose philosophy can be called the metaphys- 
ical distillate of Newtonian mechanics, classed the 
starry heavens with the human conscience as the two 
deepest sources of our knowledge and our attitudes. 

The motion of the stars is impressively continuous. 
They oceupy every point of their path. The slowness 
of their motion accentuates its continuity. Clouds often 
obscure the stars, thus seeming to destroy their steady 
course. Yet this very interference and the ease with 
which it can be explained away by reference to the 
vagaries of the weather make the fact of continuity 
all the more sure and convincing. 

Add to this the well-known circumstances that the 
path of a heavenly body has a mathematically simple 
form. Such simplicity is impaired if any points or 
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pieces are missing from the mathematically perfect 
orbit, and in the same way, a star’s motion can hardly 
sustain the blemish of having blind phases or of being 
jerky. Thus continuity, certified within limits by vision 
and supported by maxims of simplicity and perfee- 
tion, is one of the clearest attributes of celestial 
motions. 

Once the pattern is set, the scientist experiences 
little difficulty in comparing it with the.more ordinary 
motions of his daily life. Analysis, a little more reli- 
ance on the essential simplicity and perfection of the 
world, restores harmony with the cosmos and re- 
establishes continuity as a ruling principle of science. 
Only atomic physies was able to impugn it. 

But contiunicy is only one facet of a more general 
supposition about nature, which is espoused in- its 
totality by classical mechanics. The stars have attri- 
butes besides position and speed of motion; they ex- 
hibit brightness: and color as well. Continuity is as- 
signed to all of these, and the whole complex of phe- 
nomena named a star is expected to behave in a man- 
ner we might call consistent. On the lower plane of 
everyday experiences, consistency comes to mean con- 
tinuity of an ever-widening set of properties, such as 
size, shape, temperature, energy content, and indeed 
all the refined attributes with which physical science 
endows its systems. And, beyond this, consistency re- 
quires an interrelation between all of these; hence the 
inexorability which the human interpreter once saw 
in the stars is implanted into lesser nature as deter- 
minism or causality. 

Another aspect has been borrowed from the celestial 
bodies and invested in classical mechanies generally. 
It is the aloofness of the stars, their inaccessibility 
to designed experimentation. Human actions have no 
effect on them, their fate is independent of man’s. To 
be sure, this stringent kind of independence cannot be 
carried into objects that the experimenter can manip- 
ulate, for he is clearly able to make them do some 
things they would not do without him. The classical 
physicist therefore lessens the rigor of celestial mo- 
tions by advancing the notion of interaction. He sup- 
poses that object A can influence object B in a pre- 
cisely determinable way, precise in the sense that he 
is always able to- specify which is objeet A, which is 
object B, and which is the interaction. In this way, 
although he admits of interaction between the observer 
and what is being observed, he nevertheless retains 
the essential features of the grand conviction that 
“here am I,” and “over there is the universe.” These 
two are separate entities, engaged in the drama of 
being, which presents itself under the forms of a 
spectator and a spectacle. This spectator-spectacle dis- 
tinetion, generated by the early contemplation of the 
heavens, has continued to be a hall mark of classical 
mechanics and has characterized all thinking up to 
1925. Its renunciation is still regarded as anathema 
by most scientists and many philosophers. The reason 
for this stand is a belief that the spectatorial doctrine 
is the only one that achieves objectivity and insures 
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reliability of report. We now know from an analysis 
of Heisenberg’s uncertainty principle that there are 
other ways of representing our experience which do 
not fall short of these desiderata. 

It is well to pause and see more concretely what 
these vaguely worded conceptual premises of classical © 
physies are. For contrast, then, I shall describe the 
kind of experience that would belie these premises and 
then raise some questions that might seem natural if 
such experience were encountered. Imagine the star, 
while being observed, to behave very much as it does 
in our world, remaining stationary or slowly moving 
so long as our eye or the telescope is trained on it. 
But assume that, when we turn our gaze away and 
then look again, the star has altered its position, only 
to behave regularly again while under observation. 
Certainly, this does not happen among the stars in our 
world but is eonceivable and not contrary to any laws 
of thought. If it did happen, would we still say with- 
out qualification, “the star has position,” “its motion 
is continuous,” “the fate of the star is independent 
of the observer,” and would we still maintain the — 
spectatorial doctrine? 

Or suppose an object had the ability to outdo a 
chameleon and change its color erratically on different 
occasions of observation. Would we then still assign 
to the object a color, although this color is highly 
indefinite? If our super-chameleon displayed a differ- 
ent color everytime we looked but retained it while our 
gaze is fixed upon it, would we regard ourselves as 
mere spectators or feel in some way responsible for 
the grotesque emergence of differences? Again, the 
physicist is not confronted with this situation and is 
likely to’smile at the naivets of such questions. 

But there are fields of experience in which similar 
questions make sense and are answered. Take an ex- 
ample from psychology. People have at times the 
quality of being angry. If they possess sufficient self- 
control, a direct observation may not yield a clue to 
their anger, and a verbal inquiry may be necessary 
to ascertain it. The results of inquiries at different 
times are quite likely to be erratic, and it is certainly 
not a foregone conclusion that the subject’s states of 
mind are independent of the fact that an inquiry has 
been conducted. The social and biological sciences 
abound ‘with similar examples, where the spectator- 
spectacle view becomes artificial and can be majin- 
tained only by an appeal to classical physics, made 
in the hope that this discipline will prove successful 
where it has not been tested. 

‘If we take the facts of our simple tests on a per- 
son’s anger without embellishment, we find, in the 
first place, that he is sometimes angry and sometimes 
not. We would therefore not speak of anger as a 
property which a man always possesses, but one which 
he may exhibit. In the physical world, objects are 
assumed to have certain properties (like position and 
size of stars), which they must possess at all times. 
Galileo spoke of them as primary qualities and dis- 
tinguished them from secondary qualities that arise 
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in the act of perception (e.g., color). Nowadays this 
distinction is difficult to maintain, chiefly because it is 
impossible in many instances to prove that a quality 
owes its occurrence to the perceptory process. Still, 
there is a difference between a quality that is merely 
a latent or possible attribute, and the position of a 
physical object, which is assumed to be inalienably 
possessed though its value may change. Thus, for the 
sake of fixing attention, let us speak of possessed 
properties when referring to such determinate and 
intuitively objective qualities as the position of a 
tree, the mass of a stone, the velocity of an automo- 
bile, on the one hand; of latent properties when refer- 
ring to such transient qualities as the anger of a per- 
son, the value of a commodity, and (perhaps) the life 
of a virus, on the other. 

In this language, classical mechanies may be char- 
acterized by saying that it regards all properties it 
uses in the description of experience primarily as 
possessed by objects. What was called continuity, con- 
sistency, independence, is seen to be included in this 
generalization. Sensory experience, as it explores our 
far and near surroundings, justifies the point of view 
of classical mechanies. - 


Tue Microcosm 


Classical mechanics has largely come to be identified 
with common sense. As we transport ourselves to the 
world of atomic magnitudes, which we now propose 
to do, we shall seem in some measure to be violating 
common sense. Hence there is need to indicate at once 
on what grounds we are entitled to abandon this time- 
tested criterion of truth. And here it may come as a 
shock to the reader to be told that so-called common 
sense has never had a shred of validity in the face of 
new and revolutionary theories of nature. The latter 
have ever had to assert themselves in the face of re- 
actionary beliefs parading under that guise, and when 
these new theories succeeded, common sense readily 
adjusted itself to include them, as it should; for this 
overrated principle of truth is nothing more than the 
popular residue of accepted scientific theories and 
embodies their familiar features. It never leads, it 
always follows, scientific discovery. D’Alembert un- 
masked it in his motto for the scientists: “Allez en 
avant, la foi vous viendra.” 

To survey the facts of the microcosm—i.e., the ob- 
servations that have led to the construction of the 
quantum theories in their present form—we assume 
our sense organs to be replaced by more sensitive 
devices, such as the electronics expert can .actually 
build, devices which allow us to perceive very small 
distances, very short intervals of time, and extremely 
light objects. Although somewhat idealized, this as- 
sumption is not pure fiction; nor is such apparatus a 
fanciful dream. The fact that devices of this kind have 
actually been built and used saves our story from 
being imaginary and makes it relevant. 

In this atomic world we perceive no coherent ob- 
jects. Our “eyes” are now sensitive to the single darts 
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of light (photons) east off by single luminous atoms. 
Hence our microcosm is not uniformly illuminated and 
filled with moving things; it presents a speckled kind 
of vision with bright patches emerging here and there 
from utter darkness, different patches having different 
durations. Distant objects of large size and mass ex- 
hibit a kind of uniform glow and suggest some co- 
hesion in this chaotic scheme of things, but the smaller 
dots near by give very little indication of uniformity 
or pattern. 

An unimaginative observer restricted to this world 
would hardly postulate persistent bodies present at all 
times; he might indeed doubt the existence of en- 
tities except at the moment of vision. He would not 
find it plausible to speak of the flow of time, regard- 
ing “emergence of sensed intervals” as a more satis- 
factory phrase. To him, continuous space might seem 
a farfetched abstraction, and if he were to postulate 
the presence of objects, he would hardly suppose them 
to have definite positions at all instants of time. Cer- 
tainly, he would have little oceasion to invent the 
differential caleulus. 

On closer examination the microcosm reveals some 
degree of coordination. Patches of light are not com- 
pletely random but appear in more or less ordered 
sequences. There are times when nothing can be seen, 
and then again the visual field is dotted with pereep- 
tions. Furthermore, these perceptions often indicate 
a preferred location in space—though they rarely 
mark a point. The physicist who knows about the 
microcosm, when noting this modicum of regularity, 
will of course take it as the occasion for postulating 
the existence of objects, vaguely localizable in space 
and somehow progressing from one place to another; 
his instinet for causation is thus satisfied. But if he 
had never seen a perfectly continuous path he would 
hardly regard them as moving in our sense—position 
and velocity would doubtless be what I have previ- 
ously called latent properties of an object. He would 
encounter as much difficulty in the idea of continuous 
motion as we ordinarily do in the notion of discon- 
tinuous emergence in our world. 

Properties of objects are like anger of a person in 
another respect. Our microcosmie observer will see 
things under two conditions only: Either he illumi- 
nates-them by means of an external light source, or he 
waits for them to emit photons. In either case will 
their manifestations be random. (To be sure, there are 
possibilities for “tying down” an atom by letting it 
move in a very small space in a most erratic manner— 
but such cases are the exception and not the rule.) The 
maeroscopic physicist feels ufieasy about this, and he 
advances the none-too-ingenious conjecture that he, 
himself, or incidental circumstances, are to blame for 
the randomness. When things are illuminated, he rea- 
sons, they are being bombarded by photons, and their 
impacts are the random cause of lawless appearances. 
When atoms are self-luminous, recoils from ejected 
photons propel the emitters about in unpredictable 
fashion. But how is he going to tell? No observation 
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is possible without the agencies of external or self- 
illumination; a control experiment is out of the ques- 
tion. The psychologist can at least ask a subject, “Are 
you angry because I am asking you this question?” 
The physicist can ask his atom only, “Are you angry?” 
Despite all this, it does no) harm if the physicist tries 
to explain the erratic behavior of the atomic world 
by a reference to causative agencies; it affords him 
comfort and makes the microcosm seem less strange. 
The fact is, however, that he is then indulging in a bit 
of metaphysical speculation, and he ought to be 
aware of it. 

Closer study of phenomena discloses order imposed 
on randomness even in the Lilliputian world. The 
mean positions of what was construed as objects seem 
to obey definite laws. That is to say, if a list were 
made of the appearances in space of a group of lumi- 
nous dots, and their mean were computed in the man- 
ner by which one obtains the center of a population, 
this center would move more or less in accordance 
with macroscopic laws. In fact, nature often relieves 
us of the need for this computation by doing it her- 
self. We have already said that the more distant ob- 
jects of the microcosm show coherence and a measure 
of consistency. This is because they are made up of 
many atoms and large masses, which consolidate their 
moods into relative certainties. 

It is a long journey from the atomic to the celestial 
sphere, from apparent caprice to the majestic imper- 
turbability of the stars. And yet one can pass from 
one to the other without changing one’s philosophical 
equipment. The statistical regularity, which we noted 
in the microcosm and which is entirely compatible 
with individual randomness, can condense itself to 
practical lawfulness in the domain of large and heavy 
objects, just as a probability can tend to the limiting 
value one. This is indeed what happens: Newtonian 
(classical) mechanics can be shown to be the “limiting 
form” of quantum mechanics. The universe is there- 
fore still of one piece. Note, however, that the story 
is not reasonable when told the other way around. 
Quantum theory is not a limiting form of classical 
physics, for it cannot be readily conceived how me- 
chanical lawfulness could degenerate into statistical 
behavior, unless the latter had been embryonically 
present at the start: Statistical regularity is the more 
general concept and must be regarded as primary. 
This confers upon the quantum theory the status of 
logical priority over classical mechanics and over 
common sense. 

Summarizing, we may say that sensorylike experi- 
ence in the microcosm lays bare the precariousness of 
assuming physical properties, like positions and 
velocities, to be necessarily and at all times possessed 
by physical systems. They may become latent ob- 
servables. In particular, continuity and consistency 
are not suitable attributes of individual atomic be- 
havior. 

1The word observable, introduced by Dirac, has come to 


mean any physical property which can be observed or meas- 
ured. 


REPRESENTATION OF EXPERIENCE IN CLASSICAL 
MECHANICS 


The conceptual tools used by the physicist must be 
in accord with the nature of the experience he wishes 
to represent. In view of the regularity of stars and 
stones and all the other objects of the macro-world 
he must employ a very determinate kind of descrip- 
tion, which I shall briefly illustrate. The simplest ob- 
ject, or physical system, is a particle, and complex 
bodies are assumed to be composed of particles. A 
particle has a definite mass and is assumed to occupy 
a definite point of space at every instant of time. 
The state of a particle—by this we mean a collection 
of attributes or properties, all possessed in the present 
instance, which are just sufficient to allow prediction 
of future behavior—is given when a position and a 
velocity (or, better, momentum) are specified. Since 
these are functions of the time, both must be allowed 
to vary. All this leads quite naturally to one result: 
position and velocity are functions of time, since a - 
function is that mathematical construct which can be 
made to vary continuously and then carries exact 
values for all values of its argument. 

By the same token, all other “observables,” such 
as energy, angular momentum, etc., are regarded as 
functions of the time, either directly or indirectly 
through their dependence on position and velocity. 
To use an earlier terminology, they are invariably 
possessed observables, having a meaning independent 
of observation at all times. States, in this classical 
scheme of things, are causally related in the following 
way. There are available laws of motion, which are 
differential equations of such character that their 
solutions are made definite by constants of integration, 
which are precisely the quantities employed to define 
a state. In the case of a particle, position and mo- 
mentum, x and p, determine a state. Newton’s second 
law regulates the motion. It can be integrated to 
yield x and p, but the integral will be indefinite. 
When z, and p,, values at some specific time, are 
given, x and p become determinate and prescribe the 
motion for all times. Thus the state, z, and p,, of 
the system at time ¢t, is the “cause” of all later states. 

One characteristic feature of this formalism is its 
rigid link-up with observation. A state specifies one 
possible position and one possible momentum; con- 
versely, a single measurement of each of these ob- 
servables performed upon a system suffices to deter- 
mine its state. There is a unique correspondence be- 
tween a “state variable” and an individual measure- 
ment of' it; actually this is a typical feature intro- 
duced by the tacit use of possessed observables. 
Somehow, our whole notion of physical reality is 
colored by this fortunate appearance of a unique 
correspondence between simple acts of perception and 
significant theoretical description. Yet the quantum 
theorist must recognize the limitations of this view 
in order to keep the prospects of future theoretical 
developments unencumbered. 
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We have now seen how naturally our large-scale 
experience can be comprised under such maxims as 
these: Physical things consist of particles. Particles 
have certain determinate properties at all times. Their 
states are suitable collections of observable quantities, 
and such observables are represented by mathematical 
functions. Each observable can in principle be meas- 
ured through a single act of observation. 

The mathematician might wish to express the 
classical situation by speaking of a simple isomomor- 
phism between our description of nature and our 
immediate experience. 


REPRESENTATION OF EXPERIENCE IN THE MICROCOSM 


Clearly, so straightforward a scheme will not work 
in the erratic world of the atom, and physicists have 
found it necessary to adopt a less familiar formalism. 
To say that the new theory is less simple is hardly 
fair, for simplicity is largely a matter of taste and 
prior conditioning. Let us see what requirements the 
new formalism ought to satisfy. 

We still wish to populate the world of space and 
time with objects or, to use a more neutral phrase, 
with physical systems. It goes without saying that 
these need not be of the material variety (e.g., elec- 
tromagnetic fields)—need not, in fact, even carry 
energy (e.g., the sinusoidal component of a group 
of waves). But a physical system is still the carrier 
of observables. On the other hand, these observables 
are not necessarily of the possessed variety, may not 
have values under all conditions and at all times. 
Continuous functions are therefore not their natural 
representatives. Yet the observables must provide a 
link with measurements—though perhaps not a 
unique link, since measurements are known to scat- 
ter—and measurements yield numbers. Consequently, 
whatever the representative of an observable turns 
out to be, it must provide numbers to be checked 
against observations. Whether the state of a physical 
system may continue to be a collection of observables 
as it was in classical mechanics, will have to be decided 
by the available mathematical opportunities; there 
is, at any rate, no logical requirement that this must 
be the case. 

By the bounty of providence, there is not one, 
there are at least three formalisms that satisfy the 
requirements just cited. The matrix theory advanced 
by Heisenberg, the operator caleulus discovered by 
Schroedinger and perfected by Dirae and Born, the 
theory of vectors in Hilbert space proposed by von 
Neumann, are equally satisfactory from most points 
of view and lead to the same verifiable results. It is 
therefore superfluous to describe them all, and I 
shall limit my account to what is essentially the 
Schroedinger-Dirac-Born method, restricting it fur- 
ther, of course, to conceptual structure without detail. 

Rather central in this quantum mechanical scheme 
of things is the notion of a mathematical operator. 
Though the word sounds forbidding, it signifies some- 
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thing very simple indeed. Let f (x) be some function 
of the variable x, such as ax +b, or sin x. To operate 
on f(x) means to change it into some other function, 
say, g(x); hence anything that changes f(x) is called 
an operator. Multiplication by x, which changes ax +b 
into ax? + bx, is an operation; and the symbol x x that 
represents it is an operator. So are the integral sign 
and the symbol for differentiation. It is customary to 
write a capital letter for an operator. Thus, if Q 


stands for = and f(x)=sin x, the equation 


(sin x) =cosx may be written 


Qf(x) =g(x), (1) 
g(x) being the new function cos x. Almost any opera- 
tion can be written in this form, which has the ad- 
vantage of displaying the mathematical elements that 
are important here: the operator Q, the operand f, 
and the result g. The choice of operators in mathe- 
maties is, of course, extremely large. 
Many of them have this rather interesting property: 
When applied to certain functions, they will simply 
multiply them by a constant factor. Thus the operator 


2 


= when applied to sin x or to cos x, merely changes 


the sign of the function; i.e., multiplies it by -1. A 
function F(x) which is “immune” to an operator Q 
(i.e., is only multiplied by a constant when acted on 
by Q) is called an eigenfunction of Q. In symbols, 


QF (x) =qF (x). (2) 
The constant q is said to be an eigenvalue of the 
operator Q. 

Suppose that an operator Q is given. We can then 
write down its eigenvalue equation (2) and find the 
function F(x) and the corresponding g. But it turns 
out that there are, in general, many different F’s, 
each with its own eigenvalue q, for which equation (2) 
has satisfactory? solutions. Hence we may say that 
a mathematical operator Q “generates” a set of eigen- 
functions F and a set of eigenvalues q. A specific q 
may belong to several F’s, but there are in general 
innumerable q’s for every Q. 


TABLE 1 
Classical Quantum 
mechanics mechanics 
Observables x(t), p(t), ete. Q, P, ete. 
State {x, p} f(x, t) 
Observed Values of x, p, Eigenvalues 
values ete. at different of Q, P, ete. 
times 


After these preliminaries we are ready to state 
the basic ideas of quantum mgchanics in reasonably 
precise form. Reference is made to Table 1 which 


2 That is, solutions satisfying physical conditions. 
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contains the nucleus of the following discussion. 
The column labeled classical mechanics presetits a 
summary of what was said in the preceding section. 
Position z and momentum p are typical observables 
of a particle; its state is defined when x and p are 
known; and the values of x and p revealed in meas- 
urements are the values which the observables possess 
at the time ¢ in question. This last remark will seem 
trivial to a person who fails to distinguish between 
possessed and latent properties. 

In quantum mechanics an observable is represented 
by a mathematical operator Q, or P. (We use capital 
letters for operators.) An operator does not possess 
numerical values and cannot be measured. But 
latently it contains numbers, for it can generate them 
by means of equation (2). And here ocetrsthe miracle 
of quantization: The discrete values of energy, action, 
light quanta, and so forth, discovered at the beginning 
of the century, all happen to be eigenvalues of cer- 
tain operators! Quantization may indeed be considered 
a by-product of the indirect description of nature in 
terms -of operators; the roots of quantizafion lie 
deeper, therefore, than the mere incidence of discon- 
tinuities in the physical world suggests. 

The operators themselves have to be found by 
trial and error, although classical mechanics gives 
some valuable clues. The business of the theoretical 
physicist has therefore changed its scope. Whereas 
he previously sought for functions (such as 4mv?= 
kinetic energy) to represent. his observables, he now 
searches for operators with suitable eigenvalues. (It 
should be noted, however, that a function is a specific 
form of an operator.) 

The top and bottom entries in the last column of 
Table 1 are now explained, but the row labeled “State” 
is still mysterious. Since operators, and hence ob- 
servables, do not in general “have” values, a unique 
collection of observed values cannot define a state in 
quantum theory. Here the greatest departure from 
classical physics is made. A state is represented by a 
function of the coordinates and the time, f(x, t). 

But what does a function, f(x, t), have to do with 
the state of a particle? It certainly means nothing 
with respect to the behavior of a point moving con- 
tinuously along a path. Let us remember, however, 
the idiosyncrasies of the microcosm, which did not 
contain such uniformly moving points. It presented 
erratic appearances of “luminous patches,” held to- 
gether by statistical coordination. The state function 
f(x, t) represents this statistical coordination. It tells, 
in fact, what the probability is that our system shall 
emerge at the place designated by x at the time t. 
Hence it conveys fully all the significant elements of 
our sensory experience in the microcosm; it provides 
the maximum of available information. When f(x, t) 
is given, the physicist can compute the probabilities 
for all events (observations) of which he can possibly 
become aware; but h® cannot predict exactly what 
will happen. Indeed, if the present form of the 
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quantum theory is correect—and its immense success 
leaves little doubt as to its essential truth—precise 
prediction of all individual events in the microcosm is 
forever impossible. 


UNCERTAINTY 


The preceding developments raise important philo- 
sophie questions. Very little space can be devoted to 
them here. We have said that evidence for the per- 
sistence of objects in the atomie world is decidedly less 
obvious than in ordinary experience. Nevertheless, it is 
our habit to ascribe even the fitful and transient 
occurrences in the microcosm to the existence of en- 
during objects. In a sense, we postulate fireflies. And 
this practice is wholly above reproach, for it has 
never led us astray. But can we attribute the usual 
macroscopic qualities to microcosmie objects? 

Clearly, it would be nonsense to speak of the 
color of an electron, since the electron is smaller 
than a wavelength of visible light. Equally precarious 
is the assignment of definite size and shape to this" 
physical entity, because there are no unique experi- 
mental or theoretical procedures for ascertaining size 
and shape of such an object. But many of us hesitate 
to say the same about the electron’s position. Yet 
it appears from every angle that position, too, has 
become a latent observable in its relevance to atomic 
entities, and we must not say that an electron has 
position at all times. The discoveries of quantum 
mechanies have forced us to become suspicious of the 
indiscriminate way in which the classical physicist 
assigned intuitable attributes to all parts of his 
domain. His trust in mechanical models now appears 
misplaced. Perhaps God is a mathematician and 
favors mathematical models. 

Is the electron a particle or a wave? The vantage 
point we have now reached permits us to wonder idly 
why it should be either. If our knowledge of a fire- 
fly were confined to its spasmodic emissions of light, 
if we could not grasp and feel and handle it, we might 
not wish to speculate or pronounce judgment upon 
its mechanistic essence. It would remain an object of 
physical interest, describable in terms of what we 
know about it, both empirically and by the agency of 
valid theory. In the case of the firefly the assumption 
that it be corpuscular would in fact be a fruitful one; 
above all, it would never lead to contradiction with 
experience. In the case of an electron this assumption 
does lead to contradiction. So does the allegation that 
it be a wave. Hence it is simply neither. Nor is this 
a logical paradox, for wave and particle are not even 
exhaustive mechanical alternatives, let alone the only 
possible forms of physical reality. One of the lessons 
of quantum mechanies is its reminder that mathemati- 
eal models are as good as mechanical ones. 

This, then, seems to be the resolution of the wave- 
particle dualism which perturbed the adolescence of 
the quantum theory. Yet it is no mere historical acci- 
dent that the ideas of wave and particle played 
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prominent roles in the development of the new 
formalism. For an electron (or any other so-called 
particle) the state function f(x, t) takes two impor- 
tant limiting forms. One implies absolute ignorance of 
the electron’s velocity. The funetion f(x,t) is then 
completely localized; a single electron is certain to be 
found at some specific point of space and thus dis- 
plays the crucial characteristic of a classical particle. 
The other limiting form implies absolute ignorance of 
the electron’s position. Strangely enough, f(x, t) then 
represents a sinusoidal wave. This circumstance ac- 
counts for de Broglie’s great discovery and for the 
name “wave mechanics,” which is often applied to the 
new quantum theory. 

Heisenberg’s famous uncertainty principle comes 
within the present context. The two extreme situations 
just mentioned illustrate it. For one case there was 
perfect knowledge of position and complete ignorance 
of momentum; for the other, the converse. Generally, 
gain in the knowledge of position may be shown to 
entail loss in the knowledge of momentum. To be 
specific, the product of the uncertainties, when ex- 


pressed in suitable units, is of the order of the magni- 
tude of Planck’s constant but never smaller than h. 
This uncertainty relation springs directly from the 
use of operators to represent observables and there- 
fore has its origin in the basic methodology of 
quantum theory. 

Bohr’s principle of complementarity is another 
interesting formulation of the same state of affairs. 
He holds that nature can be described in two comple- 
mentary ways: (a) in terms of objects moving in 
space and time, this being essentially the method of 
classical physics; (b) in terms of the wave functions 
of quantum mechanies. One can never be wholly re- 
duced to the other, and Bohr seems to regard both 


“as necessary (complementing each other), for a com- 


plete description of experience. 

Whatever view one wishes to take of quantum 
mechanical uncertainty, pessimism should be no part 
of it. Far from renouncing its hold on nature, the 
new theory grips nature all the more firmly while re- 
linquishing its attachment in places that have become 
insecure. 


Technical Papers 


Nuclear Models 
Victor Weisskopf* 


Institute Henri Poincaré, Paris, France 


Since there exists no exact theory of nuclear struc- 
ture, one is foreed to introduce a number of over- 
simplified nuclear models in order to explain the main 
features of the experimental material. The models can 
be classified into two distinct groups according to their 
fundamental viewpoints: (a) the independent par- 
ticle viewpoint (1.P.); (b) the strong interaction 
viewpoint (S.I.). 

Recently the I.P. models have been widely discussed 
in connection with the surprisingly successful appli- 
eation of shell structure to nuclear properties (1). 
One has observed abnormally large binding energies 
for nuclei for which either the neutron number or the 
proton number is equal to a series of so-called magic 
numbers. This phenomenon was interpreted by many 
authors by assuming that the nucleons move independ- 
ently within a common potential trough. The energy 
levels in this trough are grouped in shells that are 
completely filled with particles (closed) when a 
“magic” number is reached. Very simple and general 
assumptions (e.g., spin orbit coupling) are sufficient 
to explain the observed values of the magic numbers. 
The physical properties of the different shells allow 
the prediction of more specific nuclear data, such as 
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the occurrence of isomers, the spins and, in some 
eases, the magnetic moments and the quadrupole 
moments of nuclei in their ground states. 

It must be emphasized that this picture is based 
upon a far-reaching assumption: The nucleons must 
be able to perform several revolutions on their orbits 
before they are disturbed and scattered by the inter- 
action with neighbors. This condition is necessary for 
the existence of a well-defined energy and angular 
momentum in each separate orbit. The “mean free 
path” within nuclear matter must be of the order of 
several nuclear radii in order to justify the existence 
of separately quantized independent states for each 
particle. 

The §.I. models are based upon the opposite as- 
sumption. They are all derived from the concept of 
the Compound nucleus. Bohr (2) has pointed out that, 
in most nuclear reactions, the incident particle, after 
entering the target nucleus, shares its energy quickly 
with all other constituents. This picture presupposes 
a mean free path of a nucleon that is much shorter 
than the nuclear radius. Nevertheless the Compound 
nucleus picture is very successful in accounting for 
the most important features of nuclear reactions. To 
mention a few examples: The existence of closely 
spaced and narrow resonances in slow neutron reac- 
tions (2), the success of the evaporation picture of 
nuclear reactions with fast particles (3), the large 
values (~ xR?) of reaction cross sections with fast 
neutrons (4). 

The two viewpoints seem to be totally contradictory. 
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The nuclear forces as we know them from the deuteron 
and from two-particle scattering experiments -repre- 
sent a strong interaction and therefore suggest the 
validity of the 8.I. viewpoint. In fact, the known scat- 
tering cross sections of elementary particles at 20-30 
mev (this is the order of the kinetic energy inside a 
nucleus) would indicate a mean free path of only 10-** 
em with nuclear matter. Hence the recent success of 
the I.P. shell model has led to speculations that en- 
visage much weaker nuclear forces within a nucleus, 
compared to the ones observed between isolated pairs. 

It is the purpose of this note to point out that the 
I.P. and the §.I. models are perhaps not as contra- 


dictory as it appears at first thought. It must be noted — 


that the successful predictions of the shell model are 
always applied to the ground states or to the lowest 
excited states of nuclei. The regularities in the binding 
energies are properties of the ground state, the spin, 
and the magnetic and electric moments, too. The occur- 
rence of isomers is a problem of the first excited state. 
Even the small neutron capture cross sections of 
“magie” nuclei (5) can be interpreted by assuming 
that the ground state of the target nucleus has an un- 
usually low energy. Then the captured neutron forms 
a compound nucleus of an abnormally low excitation 
and its level density will also be abnormally low. This 
leads directly to a low capture cross section, since the 
neutron width is then much larger than the radiation 
width. 

The applications of the S.I. models are restricted 
to problems involving high nuclear excitation. The 
Compound nucleus formed in a nuclear reaction is 
always excited, at least to an energy larger than the 
binding energy of the added nuclear particle (about 
8 mev for protons or neutrons). Hence it seems that 
the strong interaction between nucleons within a 
nucleus is observed only at high nuclear excitations. 

The failure of the §8.I. viewpoint at low excitation 
energies does not necessarily imply that no strong 
interactions exist between nucleons. It is very probable 
that the Pauli principle prevents the strong inter- 
action from exhibiting the expected effects. The inter- 
action cannot produce the expected scattering within 
the nucleus, because all quantum states into which the 
nucleons could be scattered are occupied. Only at 
higher excitations, when not all of the lowest states 
are occupied, will scattering take place and prevent 
the formation of independent orbits. 

It may be useful to discuss in this connection an 
analogous situation that one finds in the theory of 
the electron motion in solids. The electronic properties 
of metals and insulators can be described very success- 
fully by assuming that the electrons move in a common 
potential field, the electric field of the ions in the lat- 
tice. The interaction between the electrons is com- 
pletely neglected. The electronic states in the lattice 
field exhibit also a kind of shell structure, the Brillouin 
zones, and an insulator may be called a “magic” erys- 
tal for which the shells are completely filled. 
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The success of this deseription is perhaps also sur- 
prising in view of the fact that the interaction between 
electrons is by no means small. In fact, an electron 
with a few electron volts of energy that enters the 
metal from the outside is stopped in the metal within 
one or two interatomic distances, simply by the scat- 
tering with other metallic electrons. The mean free 
path of this electron within the metal is not greater 
than one interatomic distance, as can be shown with 
a simple calculation using the Rutherford scattering 
formula. In spite of this fact, the mean free path of 
the metallic electrons is very much greater than the 
interatomic distances; in fact, it is limited not at all 
by the interaction between the electrons but by the 
irregularities in the lattice. The reason is again found 
in the Pauli principle, which does not admit any scat- 
tering of electrons by electrons, because all states into 
which the scattering process may lead are occupied. 
This is not the case for the electron entering into the 
metal, since it possesses a surplus energy at least equal 
to the work function. Hence we find long mean free 
paths in the nonexcited state in spite of strong inter- 
action, but short mean free paths in the highly excited 
state that is created when an electron enters from the 
outside. 

The conditions of the electrons in a metal are ob- 
viously quite different from the conditions of the 
nucleons in a nucleus. There is no external field in the 
nucleus corresponding to the ionic field in the crystal. 
The common potential in the I.P. model is the average 
effect upon one single nucleon of all other constituents. 
However, the influence of the Pauli principle upon the 
mean free path of the electrons may serve as a useful 
analogy to understand the possibility of an I.P. pic- 
ture in the presence of strong interaction between 
nucleons. 

It should not be concluded from these considerations 
that the force between a pair of nucleons within a 
nucleus is necessarily equal to the force observed with 
an isolated pair. The failure to explain the saturation 
properties in heavy nuclei on the basis of the observed 
exchange character (Serber force) of the neutron 
proton forces suggests a different character of the 
nuclear potential within the nucleus. The recent suc- 
cesses of the shell model, however, do not necessarily 
imply that the forces between nucleons within the 
nucleus are very weak. In fact, this assumption would 
contradict the experimental evidence of the validity 
of the 8.I. model in nuclear reactions. 
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Regarding Covariant Subtraction 
of Infinities* 


G. Breit? 


Department of Physics, 
Yale University, New Haven, Connecticut* 


It has been brought out by Pauli and Villars (1) that 
requirements of covariance are not sufficient to deter- 
mine physical answers in the Tomonaga-Schwinger (2) 
formulation of quantum electrodynamies, and that the 
indefiniteness of the theory is caused by the indeter- 
minateness of the four dimensional A-functions. Pauli 
and Villars (1) show that by formal regularization the 
results may be changed within wide limits. A few re- 
marks may be permitted concerning this feature of the 
theory. 

1. There is a close relationship between the Dirac- 
Fock-Podolsky (3) formulation and the new one, as 
has been emphasized by Tomonaga (1). The new 
formalism differs from the DFP formulation mainly 
through the employment of quantized matter waves. 
In the DFP theory the supplementary condition has 
the form 

[div A + 0@/cdt - De,A(X - X,)/4x] = 0, 
where A, ¢ are the vector and scalar potentials, «, are 
the charges, X and X, designate respectively the four 
dimensional field and particle positions. The function 
A is 4 x times Schwinger’s D. It is well known that 
the above equation of constraint contains singularities, 
as is especially clear in its consequence 

{div E + (d/edt) A(X — Xz) }w=0, 
and the corresponding formulas for ¢E/cét. The 
above comparison shows that one can hardly expect 
unique predictions without a precise specification of 
the averaging process employed in dealing with the 
A or D functions. 

2. The Pauli-Jordan invariant A function has been 
extended by Dirae (4) so as to include cases with non- 
vanishing mass. Whereas Schwinger’s (1) treatment 
is more symmetric regarding space-time, the explicit 
character of Dirae’s work has advantages. One can 
verify, following Dirae’s calculation, that for > 0 

where 
A=-91+2,%, 
in agreement with Schwinger. One has also 
‘A=- (0/8nrdr) F (xr, 
where 
F (x.1, &.%) =Jo(x.A”) (2 > 0) 
=0(A< 0). 

1 Assisted by the joint program of the AEC and the ONR. 

2 The present note owes much to a verbal statement made 
by Professor Heisenberg to the effect that he believes that 
his new theory will give results similar to thase of Schwinger 
and Feynman for large-scale phenomena. For this, as well as 
a generally stimulating discussion of the convergent theory, 
the writer would like to express his sincere thanks. Thanks 


are also due Professor Belifante, who kindly pointed out some 
inconsistencies in notation in a preliminary form of this note. 
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The function F has a discontinuity on the light cone. 
The introduction of A=~2(z,/|x,|)A removes the 
discontinuity in its surface integral, but the diseon- 
tinuity of F remains. 

A natural but nevertheless arbitrary way of re- 
moving the singularity is to consider the § functions in 


=- 8(%)8(r), 


as defined in the sense of being the limit of a family 
of nonsingular functions obtainable, e.g., by first 
Fourier-analyzing and then proceeding to the limit 
in the space of the wave number k/2zx of this analysis 
by integrating from —-N to + N and making VN > ». 

3. Although, according to Pauli and Villars, one 
eannot claim that the Tomonaga-Schwinger attempt 
derives its results from general principles, it is also 
true that the intuitive methods of calculation agree 
with experiment. The addition of a hypothesis that 
invariant A functions should be first replaced by a 
Fourier Integral, which should next be replaced by a 
similar integral with finite limits of integration (or 
infinite limits but with a weighting factor), is ad- 
mittedly arbitrary. Such a procedure is closely related, 
however, to Heisenberg’s convergent theory (5) of ele- 
mentary particles, in which an elementary length is 
introduced in virtue of the elementary interaction. 
The commutation relations are here nonsingular, and 
the formulation adapts itself to a Fourier representa- 
tion. One may expect, therefore, that for lengths 
large compared with Heisenberg’s elementary length 
the consequences will be similar to those obtainable 
from the TSFD developments, with the addition of a 
postulate concerning the method of evaluation of di- 
vergent expressions along the lines carried out in 
Schwinger’s papers. The weighting factor should then 
appear in an approximation neglecting phenomena 
within the elementary length. The symmetry in the 
treatment of the Fourier representations may be ex- 
pected to arise through the virtual creation of other 
than the interacting particles. Since the creation takes 
place in the region of space-time containing the singu- 
larity of the TSFD discussions which corresponds, 
e.g., to }=0 in equation (2.33) of Schwinger’s second 
paper of the series quoted, the A functions of the 
TSFD theory will be modified for large k. The writer 
believes, therefore, that future theories will agree in 
the limit of large lengths with the (k) representation 
and its symmetric calculation. 

The introduction of symmetry requirements for the 
magnetic moment problem occurs in Schwinger IIT 
in the evaluation of the logarithmically divergent inte- 
gral occurring in equation (1.103) for n=0. The in- 
variant minimum light quantum number associated 
with the infrared catastrophe is introduced in his 
equation (1.107) and the Fourier representations in 
equation (1.66). The operation would be impossible 
without the physical identification made in equation 
(1.106). The related discussion in the Appendix is in 
terms of the k representation of the singular functions. 
In the discussion of vacuum polarization similar steps 
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occur in relation to equation (2.36) and (2.39) of 
Schwinger II. ‘ 

It may be argued that ordinary space-time is as good 
as (i) space. But the occurrence of new particles 
appears more directly in the latter on account of the 
connection with energy and momentum. The effect is 
as though “elementary particles” had a size, as has 
been brought out by Heisenberg (5). 
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Nonclassical Reaction Kinetics 
Henry Eyring and Peter Gibbs* 


Department of Physical Chemistry, 
University of Utah, Salt Lake City 


Barrier leakage was early invoked by Gamow and 
by Condon and Gurney to explain nuclear decomposi- 
tion. For particles of mass m, position X, and energy 
E, in the ith state, moving on a potential energy sur- 
face V(X), the specific reaction velocity, v, (or fre- 
quency of passing a smooth energy barrier (EZ; < V) 
which occupies the region (X, =X =X,)) may be 
written : 

v= = exp 


x 
VV (X)—E,ax } (1) 
h at 

where ;, y;, and y; are the fractional population of 
the ith level, the frequency of vibration normal to the 
reaction barrier, and the probability of barrier pene- 
tration per encounter, respectively. Because of the 
flatness of barriers in ordinary chemical reactions, 
leakage is usually negligible in comparison to the sur- 
mounting of barriers. The inversion of the ammonia 
pyramid is one of a small group of interesting excep- 
tions that ate reasonably well anderstood. 

Hardness, electrical resistivity, and magnetism of 
metals, when treated as rate processes, provide added 
examples of nonclassical kinetics. Application of the 
classical expression for the net specific rate k’,,, of 
surmounting barriers 


QuekT ( AF?. Via 
= sink — 2 
1The authors are indebted to ONR for support of this 
research activity. (Because the authors failed to receive 


proofs of this article before the issue wento press, any neces- 
sary corrections will be printed later.—Eds.) 
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to plastic flow of metals by Fredrickson and Eyring 
(1) and Kauzmann (2) led to a free energy of acti- 
vation AFt proportional to the temperature (a pure 
entropy) and = m independent of the temperature. 
V,, with the dimensions of volume, is the area of the 
slipping unit in the plane of slip times the mean dis- 
tance traveled per slip. That V, should be propor- 
tional to the temperature is not impossible, but 
searcely to be anticipated (3). 

It seems more natural to replace the classical equa- 
tion (2) for plastic flow by the appropriate extension 
(1), from which the observed temperature effect fol- 
lows easily. In this case, the effective potential V(X) 
is reduced at each point along the barrier by a small 
amount ag, against motion of the particles in the 
direction to relax the stress g; and is raised by a 
similar amount against return to the initial state, 
once the barrier has been passed. This is to be under- 
stood in terms of the distortion of the average elec- 
trostatie field by a relative displacement of the mean 
positions of atomic kernels. Expanding the radical in 
equation (1) to the first order in powers of ag (the 
correction to V) and replacing the sum by a single 
“average” term, we obtain for the excess velocity in 
the direction to relieve stress over that of return 


Unset = 8v exp(— Gmp)sin h(bmpo), (3) 
where 
h h VV 


and m and p will be discussed shortly. 

Equation (3) must be interpreted as follows: 
Crystal geometry permits slip only through the co- 
operation of m neighboring atoms. At moderate tem- 
peratures these atoms may be treated as independent 
oscillators, as in the Einstein theory of specific heats. 
¥v is the effective frequency of vibration of the normal 
mode along the slip plane. These electrons must each 
penetrate the electrostatic barriers separating initial 
and final configurations if slip is to occur. For inde- 
pendent atom vibrations, normal to the slip plane 
factors relating to the individual probabilities of pene- 
tration must be raised to a power mp, where p is the 
average number of exterior electrons on each atom. 
The electronic integrals are to be averaged over the 
atomic vibrations, where the energies and limits of 
integration depend upon atomic coordinates. Except 
for temperature dependence, equation (3) has the 
same behavior as (1), the validity of which has al- 
ready been studied. 

This formalism also makes clear the effect of large 
amounts of alloy elements on plasticity. Since the local 
regions of slip are considerably less orderly than the 
perfect crystal, in the first approximation atomic 
interactions can be considered to take place between 
pairs of neighboring atoms. If « is the atomic fraction 
of constituent A, and (1-2) that uf B, then evidently 
for alloys pg takes the form 
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where the constants-are appropriate to reactions be- 
tween the various pairs of species. (In general, higher 
terms in x are necessary in pg, to account for inter- 
actions with all neighbors, or where phase transforma- 
tions are involved.) As a criterion of hardness that 
will show the same dependence upon alloy composition 
as Brinell number, we may take that value of stress 
necessary to produce a certain standard velocity of 


d 
deformation = Avnet; for which velocity we choose 


the convenient value 4)y, where ) represents the 
average deformation occurring with each elementary 
slip process. For the high local stresses associated with 
Brinell impressions, we replace sin hpbmo by 4% exp 
pbmo in equation (3) and obtain 


b b 
where o is taken to be a linear function of Brinell 
number. 

The intimate similarity between this mechanism of 
plastic flow and that of electrical conductivity cannot 


BKINELL ESS 


Fic. 1 (3). 


be overlooked. In a very simple model for the latter, 
current is proportional to the average frequency with 
which electrons pass the electrostatic barriers offered 
by quasi-crystalline fields in the regions between ad- 
jacent atoms. Neglecting slight geometrical considera- 
tions, plastic slip of one atom past another constitutes 
a “relative current” of th’s same type; accelerating 
voltage being provided by the fields of displaced 
atomic kernels in one case, and externally applied in 
the other. It is to be-expected that equation (3) may, 
therefore, also give a qualitative account of rate of 
current flow if the relative enérgy of barrier lowering, 
mbpo in the plastic flow case, be replaced by eb’e 
where e and ¢ represent the electronic charge and 
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applied field, and b’ is a constant related to b. Since 
the applied fields are small in comparison to those 
atomic fields encountered in plastic flow, the sinh 
factor in (3) may now be expanded, as well as the ex- 
ponential factor. Absorbing the mp’s into the g’s, 
we get for the resistivity R of an alloy, 
(9’ + 9’ 29" an) +2( 9’ 9’ % +9’ on +1 
J 8Ne*lv’b’ 
(5) 


where N is the effective density of electrons, | the 
mean path length between barrier collisions, and the 
primed constants are related to those unprimed, above. 
Temperature dependence arises in the integration of 
parameters. 

In Fig. 1 is sketched the experimental variation of 
Brinell hardness with composition (solid lines) for 
some binary systems of similar elements, and of re- 
sistivity (dashed lines), (all taken from R. F. Vines 
(4) except Ag-Au curve, from Mott and Jones). 
The pure states of the first-mentioned elements are 
on the left in the diagram. The parabolic character 
predicted by equations (4) and (5) is evident, as 
well as the similarity of hardness and resistivity curves 
for the systems Pt-Pd and Pd—Au. 

Magnetism, another phenomenon to which the 
“relative current” principle may be applied, will be 
treated elsewhere. 
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Quantum-Theoretical Densities of Solids 
at Extreme Compression 


Walter M. Elsasser 


Department of Physics, 
University of Utah, Salt Lake City 


In no way, perhaps, is a new theory more apt to 
show its power and range than in extrapolation and 
prediction related to phenomena previously inacces- 
sible. One example of this, applied to quantum me- 
chanics, is the computation of the behavior of matter 
under extreme pressures and temperatures, particu- 
larly the well-known applications to the interior of the 
stars. A less well-known example is furnished by simi- 
lar applications to the interior of the earth. 

In recent years, Bridgman (1) has succeeded in 
determining the densities and compressibilities of a 
large number of elements and compounds up to a 
pressure of 100,000 atmospheres. All his values for 
elements and a few selected ones for compounds are 
plotted on the left-hand side of Figs. 1-3 in a double- 
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logarithmic diagram. The curves on the right are ob- 
tained from quantum theory. They are based on a 
Thomas-Fermi-Dirac model of the electronic density 
in a closest packed, cubic, monatomic lattice. The 


curves have been drawn mostly on the basis of the com- 
putations of Feynman, Metropolis, and Teller (2) ; 
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some use has also been made of the earlier results of 
Slater and Krutter (3), and of Jensen (4). These 
curves contain only one parameter, the atomic number, 
Z, of the constituent element. All available theoretical 
evidence indicates that the curve should be reasonably 
accurate at pressures of a few million atmospheres and 
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above, beginning at somewhat higher pressures for the 
lighter, and at somewhat lower pressures for the heay- 
ier, elements. It is fairly easy to interpolate between 
the measured values at low pressures, and the limiting 
computed values at very high pressures; the resulting 
uncertainty in determination of the true density should 
hardly exceed 15-20% anywhere. 
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These densities refer to zero temperatures, but, at 
a pressure of a million atmospheres and above, the 
internal energy of compression is so large that thermal 
energies are negligible in comparison, up to a few 
thousand degrees. Correspondingly, the expansion at 
melting is very small at these pressures, and the curves 
should also be applicable to such substances as molten 
iron, assumed to exist in the earth’s core. 
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In Fig. 2 there also is shown a curve, representing 
the density variation inside the earth, computed by 
Bullen (5) from seismic data. The dashed part shows 
a modification proposed by Gutenberg (6). It is seen 
that the curve corroborates the usual assumption that 
the earth’s outer part, the mantle, consists mainly of 
silieates, whereas the central part, the core, consists 
of iron. It is extremely difficult to reconcile this curve 
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even qualitatively with any other assumption about 
the earth’s constitution that is consistent with the 
known cosmic abundance data of the elements (7, 8). 
In particular, the assumption of Ramsey (9) that the 
earth’s core consists of silicates seems to be excluded, 
and still more so the sugestion that the earth’s interior 
contains large amounts of compressed hydrogen. 
Fig. 4, finally, shows the quantity d In p/d In p, 
essentially the compressibility, as a function of the 
pressure. The figure conveys the suggestion that Bul- 
len’s values for the earth might have to undergo some 
slight adjustments to agree better with the curves 


obtained by joining the experimental data to the high- 
pressure part of the theoretical data. 
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News and Notes 


The International Oxford Conference on Nuclear Physics 


E. P. Wigner 
Palmer Physical Laboratory, Princeton University, Princeton, New Jersey 


THE INTERNATIONAL NUCLEAR PHysics CONFERENCE 
took place in historic Oxford last September 7-13. 
Sponsored by the British Ministry of Supply, it was 
organized—and excellently so—by the British Atomic 
Energy Research Establishment (AERE). About 200 
physicists participated; half of them came from 
British universities, about 30 from AERE itself, 
nearly as many from America, and approximately 40 
from the European continent. Pontecorvo’s name was 
in the list of participants, but actually he was not 
present. There was no direct delegation from behind 
the Iron Curtain. 

Most of those who came alone were housed in 
Brasenose College, Oxford; the couples were pleas- 
antly quartered in the country in a palatial house pro- 
vided by the Ministry of Supply. A guided tour 
through the AERE Laboratories at Harwell made a 
deep impression on many of us. In spite of the very 
much smaller funds at the disposal of the British 
counterpart of the U. S. Atomic Energy Commission, 
and in spite of the shorter history of the British atomic 
energy program, one sensed the stability of the organi- 
zation, the permanency of the installation, and the 
well-settled personal relations within the AERE Lab- 
oratories. The scientific and technical accomplishments 
of the Harwell Laboratory are quite impressive. It was 
also refreshing to find its director, Sir John Cockcroft, 
participating in the whole conference. 

The principal subjects of the conference were high- 
energy physics, physics of light nuclei, reactor physics, 
and theory. Naturally this summary will be only illus- 
trative of the subjects discussed and can cover only a 
few examples to show the type of results presented. 
Not even examples will be given of the discussion of 
experimental techniques and apparatus. 
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Several new and important results were announced 
on the high-energy program. Moyer described the ex- 
periments (Steinberger and Bishop, Berkeley) which 
led to the discovery of the neutral x meson. The mass 
of this particle is slightly lower than that of the 
charged x mesons; it is about 265 against 275 electron 
masses. Evidence was presented that its lifetime is 
very short: in about 2x 10-** seconds it disintegrates 
into two light quanta. Experiments proving the exist- 
ence of the neutral x mesons and their disintegration 
were presented also by King (Bristol). 

New data were presented also on the high-energy 
proton-proton and proton-neutron scattering, origi- 
nating in Berkeley, AERE, Rochester, and Harvard. 
The cross section for a collision between a neutron and 
a proton is considerably smaller than that for a col- 
lision between two protons. The latter cross section 
seems to depend very little on energy in the high-en- 
ergy region, and the collision appears to be spherically 
symmetric. Its absolute value is around 4.5 x 10-*7 em? 
per unit solid angle. These data were discussed by 
Pais (Princeton) from the theoretical point of view. 
He showed that, assuming a spin-orbit type of inter- 
action, it is possible to explain the data in such a way 
that the interaction is, fundamentally, the same be- 
tween a proton-neutron and a proton-proton pair. The 
difference in the actual cross section arises from the 
Pauli exclusion principle (Case and Pais). 

Professor Blackett (Manchester) presented evidence 
for mesons of about 800 electron masses. 

Level schemes for several nuclei, including Li’, Be’, 
0%, C1, and 07", were presented in the session on light 
nuclei. Some of these apparently showed remarkable 
regularities which are not understood. Extensive data 
were given also on the reactions of the various hy- 
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drogen and helium isotopes with each other. Alvarez 
described experiments to produce new high-energy 
radioactive nuclei, such as N*2, N17, and Na?°. The 
disintegration of these nuclei produces delayed pro- 
tons and a-particles, which follow the original B-dis- 
integration much in the same way as the delayed 
neutrons follow the 6-disintegration accompanying 
fission. There was also an extended session on angular 
distributions and angular correlations, the investiga- 
tion of which promises to solve many a problem that 
could not be tackled previously. 

The theoretical session was mainly devoted to the 
discussion of the nuclear shell model, in particular the 
j-j coupling scheme proposed by M. G. Mayer and 
Haxel, Jensen, and Suess. The last address was given 
by Dirac on his new field theory. It was a most inter- 


esting occasion: apparently none of the participants 
could follow Dr. Dirac’s new ideas in detail. Neverthe- 
less all realized that important new physical principles 
are in the course of being formulated. 

As mentioned, the organization of the conference 
was excellent. The diseussion was lively throughout, 
to the point, and never protracted. Perhaps the most 
remarkable accomplishment of the organizers was, 
however, a 115-page report of the proceedings of the 
conference. This was mailed out to the participants 
a little more than two weeks after the conclusion of 
the meeting. It contained a remarkably accurate sum- 
mary of all the addresses and most of the discussion, 
even of the highly technical and “theoretical” remarks. 
It was the result of the work of several members of 
the AERE and was edited by E. W. Titterton. 


Scientists in the News 


G. Robert Coatney has assumed the editorship of 
the Journal of the National Malaria Society. Manu- 
seripts intended for publication in the Journal should 
be sent to Dr. Coatney, Laboratory of Tropical Dis- 
eases, National Institutes of Health, Bethesda 14, Md. 


Alonzo G. Grace has been appointed to head a new 
Division of Advanced Study in New York University’s 
School of Education. Formerly on the faculty of the 
Department of Education of the University of Chi- 
cago, he was for ten years Commissioner of Educa- 
tion for Connecticut, resigning in 1948 to become the 
first director of the Education and Cultural Rela- 
tions Division of the American Military Government 
in Germany. 


James M. Hundley has been appointed consultant on 
nutrition in the Office of Health Resources of the Na- 
tional Security Resources Board. Dr. Hundley will 
advise on problems of food and diet in relation to total 
defense planning. He has been a member of the staff 
of the National Institutes of Health, PHS, since 
1943 and is chief of the Nutrition Section of the re- 
cently created National Institute for Arthritis and 
Metabolic Diseases. 


Los Alamos Scientific Laboratory of the Univer- 
sity of California has announced two recent additions 
to the staff. They are William E. Keller, a research 
chemist formerly associated with the Ohio State 
University Research Foundation, who will work with 
the laboratory’s Chemistry and Metallurgy Division, 
and Rodney H. Foss, formerly at Yale University’s 
Sterling Chemistry Laboratory, where he had been 
working for his Ph.D. in organic chemistry, who will 
head the biochemistry section of the Biomedical Re- 
search group. 


Changes in membership of the Committee on Navi- 
gation, Department of Defense Research and Develop- 
ment Board, were announced recently. Frederick B. 
Lee, Civil Aeronautics Administration, has been ap- 
pointed a member to represent the Department of 
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Commerce; he succeeds Delos W. Rentzel, whose 
deputy he has been. David D. Thomas, has been 
named Mr. Lee’s deputy. L. F. Dodson has been 
named a Navy member to succeed Robert C. Sutliff. 


Meetings and Elections 


A symposium on Molecular Structure and Spectros- 
copy, sponsored by the Graduate School and the 
Department of Physics and Astronomy at the Ohjo 
State University and by the Division of Chemical 
Physics of the American Physical Society, will be held 
at the University, June 11-15. There will be discus- 
sions of the interpretation of molecular spectroscopic 
data, as well as of methods of obtaining such data. In 
addition, there will be sessions devoted to those phases 
of spectroscopy of current interest. For further in- 
formation or for a copy of the program when it be- 
comes available, write to Professor Harald H. Nielsen, 
Department of Physies, Ohio State University, Colum- 
bus 10. 


The recently chartered Institute of Cancer Cytology 
has elected the following officers: president, Arthur 
Purdy Stout, Columbia University, and a member 
of the Educational Committee of the American Cancer 
Society; vice presidents, Herbert F. Traut, University 
of California; Emil Novak, Johns Hopkins Hospital; 
Charles D. Read, University of London; J. Ernest 
Ayre, McGill University; and K. Sheldon MacLean, 
Roosevelt Hospital, New York; chairman of the 
board, F. Bayard Carter, Duke University. The prin- 
cipal aims of the international organization are to 
endorse, and to aid in developing, regional cytology 
centers and to popularize the utilization of the cyto- 
logie test for cancer. These centers will provide edu- 
cational and training facilities for local and visiting 
physicians and technicians. 


The 7th Annual Conference on Protein Metabolism, 
sponsored by the Bureau of Biological Research at 
Rutgers, in cooperation with FAO, is considering 
(January 26-27) these phases of the subject: Gastro- 
intestinal dynamics and utilization of protein, folic 
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acid and vitamin B,, in relation to amino acids, spe- 
cific amino acids in relation to water-soluble vitamins, 
mineral metabolism and tissue protein synthesis, pro- 
tein metabolism, clinical aspects of protein malnutri- 
tion, and protein metabolism as affected by food short- 
age. Ernest Geiger, J. A. Stekol, Robert R. Sealock, 
Paul R. Cannon, M. Macheboeuf, Hugh M. Sinclair, 
and Ancel Keys are participating. 


The 1950-51 Jesup Lectures, sponsored by the De- 
partment of Zoology, Columbia University, will be 
given by John Runnstrém, of the University of Stock- 
holm. The subject will be “Developmental Physiol- 
ogy of the Sea Urchin,” and the dates are February 14, 
16, 21, 23, 28, and March 2, 7, 9. 


Grants and Awards 


The American Society of Photogrammetry’s award 
for outstanding work in its field was presented to Rus- 
sell K. Bean during the society’s recent annual con- 
vention. Chief of the photography section of re- 
search and engineering control, Topographical Divi- 
sion, U. 8. Geological Survey, Mr. Bean was honored 
for his design of a twinplex system of mapping pho- 
tography, which gives greater accuracy with fewer 
pictures. 


The Chemical Arts Company of Chicago, a teen- 
age concern manufacturing decorative Christmas 
candles, has won the third annual Chemistry Prod- 
ucts Award, given by Chemical and Engineering 
News to honor the nation’s outstanding Junior 
Achievement group in the chemical field. The award, 
a bronze plaque, will be presented by Walter J. 
Murphy, editor of the ACS journal, at a dinner to 
be held by the society’s Chicago Section February 23. 
June E. Stinnett, sixteen-year-old president of the 
company, will accept the plaque. Individual certifi- 
eates also will be conferred on Miss Stinnett and the 
14 other members of the company, which was selected 
from among more than 100 competing groups by 
the editors of C@EN and a committee of leading in- 
dustrialists. The winning company was sponsored by 
the Peoples Gas, Light & Coke Company, Chicago. 


The Theobald Smith Award of $1,000 and a bronze 
medal, which has been given yearly since 1937 (ex- 
cept for a lapse during the war years) by Eli Lilly 
and Company, of Indianapolis, under the auspices 
of the AAAS, was not given during the recent meet- 
ing of the Association because of an unavoidable de- 
lay in calling for nominations. Nominations are now 
being requested, however. They may be made by 
Fellows of the AAAS and should be sent to the 
secretary of the Subsection on Medicine (Dr. Gordon 
K. Moe, Department of Physiology, State Univer- 
sity of New York Medical Center, Syracuse, N. Y.). 
Nominations should be accompanied by full infor- 
mation concerning the nominee’s personality, train- 
ing, and research work. The prize is given for “dem- 
onstrated research in the field of the medical sci- 
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ences, taking into consideration independence of 
thought and originality.” The research is not to be 
judged in comparison with the work of more mature 
and experienced investigators. Any investigator who 
was less than thirty-five years of age on January 
1, 1950, and is a citizen of the United States is eli- 
gible. Nominations must be received before March 
15. The secretary requests that all data be submitted 
in triplicate. The president of the Association and 
four Fellows will form the committee of award, and 
the winner will be announced early in May. Past re- 
cipients : 1937, Robley D. Evans, MIT; 1938, Charles 
F. Code, The Mayo Foundation; 1939, Albert B. 
Sabin, Children’s Hospital Research Foundation, 
Cincinnati; 1941, Herald R. Cox, Lederle Labora- 
tories, Inc.; 1943, Sidney C. Madden, Brookhaven 
National Laboratory; and 1949, Seymour 8S. Kety, 
Graduate School of Medicine, University of Penn- 
sylvania. 


Fellowships 


Tau Beta Pi has announced its annual program of 
fellowships for graduate study in engineering for the 
school year 1951-52. The amount available for each 
fellowship is $1,200 payable in ten monthly install- 
ments, and in some cases the society has arranged with 
schools to remit tuition. For additional information 
write Paul H. Robbins, Director of Fellowships, 1121 
15th St., N.W., Washington 5, D. C. Applications 
must be received by February 28. 


The Oak Ridge Institute of Nuclear Studies has been 
named administrator of the AEC predoctoral and 
postdoctoral fellowships for 1951-52. Tentatively 
planned are: predoctoral fellowships, up to 150 in the 
physical sciences and up to 100 in the biological sei- 
ences; postdoctoral, up to 30 in the physical sciences 
and up to 45 in the biological sciences. Predoctoral 
fellows will receive a basic stipend of $1,600, and post- 
doctoral fellows $3,000, with an additional $500 if 
married, plus $250 for each child not exceeding two. 
Additional allowances will be made for travel and 
tuition. Application forms and other information may 
be obtained from the Oak Ridge Institute of Nuclear 
Studies, University Relations Division, Box 117, Oak 
Ridge, Tenn. Applications must be received by Feb- 
ruary 15. 


The Institute of Medicine of Chicago announces 
that the Jessie Horton Koessler Fellowship for aid in 
research in biochemistry, physiology, bacteriology, and 
pathology has been re-awarded for 1950-51 to Char- 
lotte Robertson, to continue her work on the loss of 
sensitivity to stimulation by cholenergic drugs mani- 
fested by denervated sweat glands, and to begin an 
investigation of the histamine content of various body 
secretions under the direction of Andrew C. Ivy, De- 
partment of Clinical Science, University of Illinois. 


The New York Zoological Society again announces 
grants-in-aid available for the research program at its 
Jackson Hole Research Station. The fifth summer 
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program will include studies in ecology, animal be- 
havior, and land management. Further information 
may be obtained by addressing Director, Jackson Hole 
Research Station of the New York Zoological Society, 
Moran, Wyo. 


Colleges and Universities 


The new Research Laboratory for Diseases of Dogs 
has opened at Cornell University. The center is es- 
pecially designed for the study of viruses, which are 
believed to cause many of the contagious diseases. A 
main laboratory building contains the latest in iso- 
lation facilities for the controlled study of dog dis- 
eases. The center also has a separate kennel for rear- 
ing a disease-free dog colony. A staff of 20, including 
5 veterinarians, under the direction of James A. Baker, 
is already conducting studies on infectious hepatitis, 
leptospirosis, and encephalitis. In general, the re- 
search will deal with fundamental aspects of disease 
from the point of view of prevention rather than cure. 


A new research foundation has been established at 
Fordham University to coordinate present research and 
to stimulate original studies in the arts and sciences. 
Researchers at the university have recently developed 
a high-temperature, light-weight refractor material for 
the Air Materiel Command at Wright Field, Dayton, 
Ohio. Other projects now being conducted include 
those for the ONR, Damon Runyon Cancer Fund, Re- 
search Corporation, USPHS, and the AEC. 


A new Blood Characterization and Preservation 
Laboratory was dedicated January 8 in Harvard Uni- 
versity’s Bussey Institution of Applied Biology. The 
new laboratory, under the direction of Edwin J. Cohn, 
is an emergency establishment to accelerate the de- 
velopment of new methods for use in the National 
Blood Program. 


Deaths 


Harry G. Haskell, a director and former vice presi- 
dent of E. I. du Pont de Nemours & Co., died January 
4 at 80. Starting with Du Pont in 1893 as a clerk, he 
became director of the high-explosives operating de- 
partment during World War I. He retired in 1946. 


The founder of Columbia University’s Department 
of Industrial Engineering, Walter Rautenstrauch, died 
recently at the age of 70. Dr. Rautenstrauch was a key 
figure in the “Technocracy”, movement during the 
depression, and his later defection helped to end the 
movement. He was the author of 14 books on eco- 
nomics and engineering. His most recent work, Bud- 
getary Control, which he wrote with Raymond Villers, 
was published in September. 


Albert S. Howell, co-founder of the Bell & Howell 
Company, manufacturers of motion-picture and pho- 
tographic equipment, died January 3 in Chicago at 
71. Early inventions by Mr. Howell were credited 
with eliminating the “flicker” in motion pictures and 
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with providing a way for additional copies of films 
to be made cheaply. These inventions were a film 
perforator, a continuous printer, and a standard 
camera with precise film-moving mechanisms. 


Alfred Hume, chancellor emeritus of the University 
of Mississippi, died December 25 at 84. Starting as a 
professor of mathematics in 1890, he was chancellor 
three times during his 58 years of teaching. 


Miscellaneous 


The Registry of Rare Chemicals, 35 West 33rd St., 
Chicago, submits the latest list of wanted chemicals: 
bromogermane; bromosilane; iron pentacorbonyl; 
silicon bromotrifluoride; silver peroxide; sym.-tri 
(trifluoromethyl!) benzene; 3,3,3-trifluoropropene; ben- 
zothiophene; 1-chloro-3,5-dimethylbenzene; methyl 
stearyl ketone; 4-hydroxy coumarin; D-monochlorosue- 
cinie acid; Ethyl-b,b-diethoxypropionate; p-hydroxy- 
hippuric acid; 1,3-diphenylbenzofuran; uramildiacetie 
acid; ferritin; toxisterol; L-xylulose; and hexokinase. 


An International Commission for Plant. Slide Ex- 
changes has been established by the Botanical Section 
of the International Union of Biological Sciences in 
cooperation with the California Botanical Materials 
Company. The aim of the commission is to enable 
cooperating institutions and individuals to build up 
reference slide collections by exchanging plant ma- 
terial sent in by them for slides processed either from 
these materials or from those forwarded by others. 
Information may be obtained from Dr. D. A. Johan- 
sen, Chairman, International Commission for Plant 


Slide Exchanges, 861 East Columbia Ave., Pomona, 
Calif. 


The Technical Command at Army Chemical Center, 
Md., has openings for approximately 60 professional 
employees. Analytical, organic, inorganic, and physi- 
eal chemists, meteorologists, physicists, chemical en- 
gineers, mechanical engineers, statisticians, and drafts- 
men are rieeded immediately for work on various re- 
search and development projects for new chemical and 
radiological warfare agents and materiel.. The salary 
range is from $8,100 to $7,400. Interested applicants 
may apply on Standard Form 57, or in person, to the 
Civilian Personnel Office, Army Chemical Center, Md. 


Publications Received 


Guide to the Classification of Fishing Gear in the Philip- 
pines. Augustin F. Umali. Fish and Wildlife Service 
Research Report 17. U. S. GPO, Washington, D. C. 
40¢. 

Raccoons of North and Middle America. Edward A. Gold- 
man. North American Fauna 60. Fish and Wildlife 
Service. U. 8S. GPO, Washington, D. C. 45¢. 

Bulletin on Narcotics. Vol. II, No. 2. U. N. Dept. of 
Social] Affairs, Lake Success, N. Y. 


Ten Years of Progress—lllinois Institute of Technology. 
Technology Center, Chicago 16. 
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FOR PURPOSE 


EASTMAN 


| An informative label 
makes your work easier... 


10na, “ When you pick up an Eastman Organic Chemical bottle these 

days, you see a new label that gives the structural formula and the 

formula weight. We're pretty sure you'll find it helpful in eliminat- 

ing the confusion over identity and position of groupings that 
mn cH often arises from variations in nomenclature. It should also save 

al EASTMA S you the time required to look up or calculate molecular weight. 


afts- wana nee A white label indicates “Eastman” grade, the highest in purity. 
s re- a Yellow means “Practical” grade, sufficient in purity for most lab- 
i oratory synthesis. A blue label (“Technical”) goes on high-grade 

commercial compounds. 


The purity of the more than 3400 Eastman Organic Chemicals 
is actually checked in many ways, but a statement of melting or 
boiling ranges, obtained by actual measurement in our control 
laboratory, is what we believe to be most generally informative. 
That’s the way we do it in our catalog. The latest issue is List No. 
37. If you don’t have a copy, you'll do well to send for it without 
delay. Write Distillation Products Industries, Eastman Organic 
Chemicals Department, Rochester 3, N. Y. (Division of Eastman 
Kodak Company.) 
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What GENERAL ELECTRIC People Are Saving 


W. R. G. BAKER 
Vice President, Electronics Department 


Crvi. Derense: No longer do oceans and 
distance protect us from any determined and 
ruthless enemy who possesses atomic weapons. 
Are we then tilting at windmills if we take 
recautions to eliminate surprise, confine the 


amage, and alleviate sufferings of the wounded? . 


I sincerely think not. 

We maintain police and fire departments, 
and do not rebel at the expense because there 
are no holdups or fires. Can anyone who has 
lived through the years after the war and 
watched the march of Communism in Europe 
and Asia say that we are not in real danger? 
The communities . . . should seize the initia- 
tive in planning on a local level for... pro- 
tection of their citizens against not only the 
threat of atomic weapons but other disasters 
resulting from sabotage, fire. flood, or pesti- 
lence. 

We should accept this responsibility, not 
through fear, but because we are men enough, 
American enough, to recognize and face grim 
reality, and deal with the problem of safe- 
guarding our families and our neighbors. 


Utica, New York 
November 13, 1950 


* 


K. C. SEEGER 
J. H. OLIVER 
Apparatus Department 


Rapiant Cuicken Broopinc: Repeated tests 
in the midwest, in New York State, and at 
the University of Delaware have proved that 
high air temperatures are not necessary for 
the successful brooding of chicks, provided 
they receive sufficient radiant energy to keep 
them warm. These conclusive tests were car- 
ried to the extreme of brooding baby chicks 
in air temperatures of 15° F below zero. In 
this extreme test, 30 chicks were placed in a 
cold storage plant where air temperatures are 
ee A at 5° to 15° F below zero. At the 
end of two weeks, the 30 chicks, all alive, 
were larger, 1.9 pounds per 100 heavier, and 
better feathered than others of the same 
hatch, which were brooded in the conventional 
manner in a warm room under coal stove 


brooders. 
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Four 250-watt infrared lamps . . . 18 inches 
above the litter . . . supplied the radiant 
energy that kept them comfortable at all 
times. Radiant energy at chick level measured 
2.62 btu per square inch. This heated the 
chicks but contributed little heat to the jars 
of water, so that half of the water in the jars 
was frozen. 


American Society of Agricultural Engineers 
Chicago, Illinois 
December 18, 1950 


* 


J. W. RAYNOLDS 
Chemical Department 


Siticones: The first silicone rubbers were 
useful because of the high and low temperature 
stability, together with good oil resistance, 
ozone resistance, and considerable chemical 
resistance. From a rubber man’s viewpoint, 
silicone rubber was miserable to handle. It 
would not band on the mill. Pigments and 
fillers were difficult to combine. Curing tem- 
peratures ranged up to 400° F with time cycles 
up to 72 hours. . . 

During the past year, our research and de- 
velopment engineers have been making steady 
progress in perfecting some new silicone rubber 
and compounds. These new materials 
ook, feel, and handle more like the natural 
rubber products. They also possess the ex- 
cellent high and low temperature characteris- 
tics for which silicone rubbers are especially 
noted. 

The new silicone rubber has over twice the 
elongation and tensile strength of the old 
— It handles easily on a cool rubber mill. 
t can be calandered, extruded, or molded by 
compression, transfer, or injection processes, 
and has curing cycles as short as one minute 


at 300° F. 
American Chemical Society 
Los Angeles, California 
November 7, 1950 


You can put your confidence in 
GENERAL @@ ELECTRIC 
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Gives quantitative basis for making operational decisions 


METHODS of OPERATIONS RESEARCH 


By Puitip M. Morse, The Massachusetts Institute of Technology and Georce E. Kimpaut, Columbia 
University. Shows how the techniques of this recently developed science can be applied to help make 
decisions in many fields—scientific, industrial, military, governmental. It differs from the usual statis- 
tical analysis in that the final aim is to predict future operations and to understand them well enough to 
modify them to produce new or better results. Presenting a careful definition of the science and an 
explanation of the tools to be used, the authors discuss the setup of an operations research group in 
some detail. A Technology Press Book, M.1.T. January 1951. Illus. 158 pages. $4.00. 


All aspects covered 
by 13 area specialists 


The first critical review 


Emphasizes x-ray study of crystals 
—features correlation diagrams 


JOHN WILEY & SONS, Inc. 


January 26, 1951 


GEOGRAPHY of the PACIFIC 


Edited by Oris W. Freeman, Eastern Washington College of Education, 
with 13 contributors. Written by geographers, anthropologists, and other 
Pacific area experts, this book gives an up-to-date picture of the ocean, 
the islands, the people, the resources, the industries, and the other factors 
that make up the geography of this vitally important area. January 1951. 
573 pages. 170 illus. College edition—$8.00. 


The FISCHER-TROPSCH and RELATED SYNTHESES 
Including a Summary of Theoretical and 
Applied Contact Catalysis 
By Henry H. Storcu, Norma Gotumatc, and Rosert B. Anperson, all 
with U. S. Bureau of Mines. Reviews the tremendous amount of sci- 
entific and engineering data on synthesizing aliphatic organic compounds 


by the catalytic hydrogenation of carbon monoxide. March 1951. 
Approx. 603 pages. 183 illus. Prob. $8.50. 


ELEMENTS of OPTICAL MINERALOGY 
An Introduction to Microscopic Petrography 
Part II—DESCRIPTIONS of MINERALS 
With Special Reference to Their Optic and 
Microscopic Characters 


Fourth edition by ALEXANDER N. WincHett, University of Wisconsin, with 
the collaboration of Horace Wincnett, Yale University. Offers a de- 
scription of minerals whose optical qualities are sufficiently well known 
to permit diagnosis by means of a microscope. January 1951. 551 pages. 
427 illus. $12.50. 


Send for copies on approval. 
440 Fourth Avenue, New York 16, N. Y. 
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CUSTOM MADE 


TOOL FOR THE ANALYSIS 


THE CONTROL OF PRODUCTION OF 


OF COMPLEX COLLOID SYSTEMS, AND FOR 


PURIFIED PROTEINS, ENZYMES, HORMONES 


KLETT MANUFACTURING CO. 
179 EAST 87TH STREET 
NEW YORK, N. Y. 


ELECTROPHORESIS 


For MEASUREMENT of SKIN RESISTANCE 


Garceau RECORDING 
PSYCHOGALVANOMETER 


4 For the study of the 
psychogalvanic _ reflex 


and skin _resistance. 

The instrument is 

- Et direct-reading and gives 
a written record of the 

reaction of the patient. 

Peles $775.00 


Garceau 


CLINICAL DERMOHMETER 


For clinical and experimen- > 
tal investigation of disorders 
involving sympathetic reac- 
tion, such as pain reflexes. 
In the psychological labora- 
tory, the instrument has a 
well-known application as a 
so-called “lie detector”. Re- 
sistance is read directly from 
a calibrated + Small vari- 
ations, greatly magnified, are 
shown on the meter. Batte: 
operated. Price ....$115. 


ELECTRO-MEDICAL LABORATORY, INC. 
New Address—SOUTH WOODSTOCK, VERMONT, U.S.A. 
Pioneer manufacturers of the electroencephalograph 


Orthophot 


THE COMPLETE UNIT FOR PHOTOMICROG- 
RAPHY & SCIENTIFIC PHOTOGRAPHY 


PHOTOMICROGRAPHY. As illustrated. 


Uses any standard microscope. Integral per- 


manently-aligned color- and intensity- 
controlled light source. Precision reflex cam- 


era has split-micron focusing. 


PHOTOMACROGRAPHY. Adjustable macro- 
stand replaces microscope. Same illum- 


inator and camera features used. 


MICROSCOPY. Ortho-illuminator 


OTHER FACILITIES for base ideal for phase, darkfield, or 
Cinemicrography, pho- routine work. Near parallel beam, free from 
to-reproduction, enlarg- 
ing, microprojection, 
photo-electric exposure 
measurement. Available 
complete or in any com- 
binations required. As 
shown for photomicrog- 
raphy (without micro- 
scope) $825 00 f. o. b. 
destination A. 


filament image, enters microscope 


condenser directly. 


Silge & Kuhne 


153 Kearny St. San Francisco 8, Colif. 


pecialists in Microscopic and Photomicrographic Equipment 
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Coming in the Spring! 
The Sixth Edition of 
ROBERT W. HEGNER’S 


COLLEGE ZOOLOGY 


Revised by 


KARL A. STILES 
Pro fessor of Zoology, Michigan State College 


New Features 


@ Rewritten and revised to include the latest discoveries in zoology, as 
well as suggestions of outstanding specialists in the field. 

@ 300 magnificent new illustrations and legends coordinated with the 
text. 

@ More physiology and increased stress on principles. 

@ A greatly enlarged and improved glossary and thorough revision of 
all classifications of animals. 

@ New sections on the Rh factor, enzymes, vitamins, neurohumors, hor- 
mones, malaria, radioactive substances, chemical genetics, radio- 
genetics, and many others. 


Other Important Features 


@ Dr. Stiles has kept the famous Hegner style and flavor. 

@ The organization of animals from the simple to the complex has been 
maintained. 

@ Principles are given after the presentation of the animals themselves, 
in the belief that the beginning student should first know something 
about the animal to which the principle applies. 

@ The text is aimed at all beginning zoology students, whether they are 
specializing in the sciences or not. 

@ The authors have given interpretation and meaning to the facts, rather 
than merely stating them. 


January 26, 1951 


THE MACMILLAN COMPANY 
60 FIFTH AVENUE, NEW YORK 11; NEW YORK 
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PERSONNEL PLACEMENT 


PERSONNEL PLACEMENT 


CHARGES and REQUIREMENTS 
ge “PERSONNEL PLACEMENT” Ads 


1. Rate: aA on minimum charge $3.00 for each 
insertion. “Box Number” will be supplied, 
so that ai =m 73 directed to SCIENCE for immediate 
forwarding. Such service counts as 10 words (e.g., a 25- 
word ad, plus a “Box Number”, equals 35 words}. All 
ads will be set in regular, uniform style, without display ; 
the first word, only, in bold face type. 
For display ads, using type larger or of a different 
style than the unitorm settings, enclosed with separate 
ler rules, the rate is $17.50 per inch; no extra charge 
for “Box Numbers”’. 


2. Advance Payment: All Personnel Placement ads, classi- 
fied or display, must be pecomvanted by correct remittance, 
made payable to SCIEN Insertion can not be made 
until payment is received. 

3. Closing Date: Advertisements must be received by 
SCIENCE, 1515 Mass. Ave., , Washington 5, D. C., 

together with advance remittance, positively not later than 
14 days preceding date of publication (Friday of every week). 


POSITIONS WANTED 


Assistant Bacteriologist—New York City only. Capable, experi- 
enced technician. Can work alone or under direction. Several years 
experience in techniques of antibiotic production (fermentations), 
level aire ame and general bacteriological procedures. Box 
403, SCIENCE. x 


Bacteriologist- ~ a pe physician age 36, M.S., Ph.D., M.D. all 
leading universities. Laboratory and clinical research experience, 
publications. Available July. Box 404, SCIENCE. xX 


Biochemist-Biophysicist, Ph.D., research position with stimulating 
roup. Experience eran radiobiology, mineral metabolism. 
Publications. Box 410, SCIE NCE. 


Chemist; Ph.D. (Physical, Organic, Analytical); five years, re- 
search department of industry; considerable experience atomic 
energy; for further information, please write Science Division, 
Medical Bureau (Burneice Larson, Director) Palmolive ane | 
Chicago. 


Economic Entomologist, M.S. desires position, 20 years experience 
with Administration, important corporation in the fields of insecti- 
cides, fungicides, field tests, field representation, insect control. Box 
409, SCIENCE x 


Instrument Maker: 25 years experience, 12 with biological labora- 
tory. Supervisory experience, Desires similar connection in northern 
New York or New England. Box 408, SCIENCE. 


Mathematics: department head, teacher, and author. Ph.D. Last 26 
years at present university, teaching undergraduate and graduate 


mathematics. Want new teaching position at moderate salary on 
retirement in July. Married man, excellent health. Box 405, 
SCIENCE. 


Organic Chemist: Age 36, German, Ph.D. (Munich), 10 years re- 
search experience, 9 publications and several patents, desires 
position in industry or university. Box 406, SCIENCE. x 
Physicist, M.S.; Nine years diversified research in electronic 
physics and comm nications. Wishes to apply experience to bio- 
physical problems in audiolog Academic or Medical research in- 
stitute preferred. Box 407, SCIENCE x 


YOU reach over 32,000 scientists in 
these columns—at a very low cost 


POSITIONS OPEN 


Positions Open 

(a) eye research laboratory, university 
medical center; East. (b) Protein Chemist; research laboratories, 
medical school; East. (c) Biochemist with strong background in 
histology ; research post, industrial company, Chicago. (d) My- 
cologist and Virologist; physicians of outstanding attainments, 
qualified for professorial appointments. (e) Physician or Ph.D. in 
pharmacology, physiology or biology; duties administrative in- 
cluding clinical research; pharmaceutical industry; opportunity of 
becoming medical director ; East. (f) Neurophysiologist. Ph.D., 
with extensive experience; physiologist, Ph.D. with minor in 
endocrinology or pharmacology and, also, two physiologists with ~ 
Bachelor degrees ; research department, new psychiatric unit, large 
teaching hospital; medical center. S1-4 Science Division, Medical 
Bureau (Burneice Larson, Director) Palmolive Building, Chicago. 


RESEARCH 
ASSOCIATE 


Opening in large Eastern Pharmaceutical Company for Re- 
search Associate Ph.D or Sc.D. in bacteriology or bio- 
chemistry with an immuno-chemical background to direct 
studies on antigen separations and purifications. Please for- 
ward resume including age, experience and salary desired to 


BOX 400, SCIENCE 


The MARKET PLACE 


CHARGES and REQUIREMENTS 
for “MARKET PLACE” Ads 


1. Rate: 20¢ per word for classified ads, minimum char; 
$5.00 for each insertion. Such ads are set in uniform sty 
without display; the first word, aby. in bold face type, 
For display ads, using type larger or of a different She 
than the uniform classified settings, and entirely encl 
with separate rules, rates are as follows: 


Single insertion $17.50 per inch 
7 times in 1 year 16.00 per inch 
13 times in 1 year 14.00 per inch 
26 times in 1 year 12.50 per inch 


2 times in 1 year 11.00 per inch 
2. Payment: For all classified ads, payment in advance is 
required, before insertion can be made. Such advance 
remittances should be made payable to SCIENCE, and 
forwarded with advertising “copy” instructions. 
For display advertisers, month] y invoices will be sent on 
a charge account basis—providing satisfactory credit is 


established. 
3. Closing Date: Classified advertisements must be received 
by SCIE CE 1515 Massachusetts Avenue, N.W., Wash- 


For proof service on display ads complete ‘‘co) TEkcE instruc- 
tions must reach the publication offices of SCI » 1515 
Massachusetts Avenue, ashington 5, D. C., not 


later than 4 weeks preceding date of publication. 


BOOKS 


POSITIONS OPEN 


Clinical Laboratory, large north- central University 
Hospital uires biochemist competent to supervise adequate 
technical sta Experience with newer methods, including flame- 

photometry, essential. Salary $5,000.00. Box 402, SCIENCE. 1/26. 


Biochemist Technician, (female) for studies with er we 

and bacteriophage in industrial research laboratory. In_repl ve 

experience, references and salary expected. Box 401, SCI ciety er 
_1/26. 
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METHODS ror THE STUDY OF THE INTERNAL | 
NATOMY OF INSECTS 


This volume covers the dissection, staining and mounting of the 
internal organs and tissues of insects. Its special merit is a precise 
organization of text material making it a beginners’ book for simple 
easy use. The fixatives, stains and mounting media are the simplest 
possible for results to be obtained. A long use of over 25 years on 
hundreds of insect species has proven its basic value. The price 
has had to be raised to $3.00 post paid. 


CLARENCE H. KENNEDY Department of Zoology and Entomology, Ohio 
‘ 


State University, Columbus 10, Ohio, U.S.A. 


Science, Vol. 113 


: 
not later than 14 days preceding date of publication (Friday 
of every week). 
| 
| 
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The MARKET PLACE 


BOOKS 


PROFESSIONAL SERVICES 


Send us your Lists of tf 
SCIENTIFIC BOOKS AND PERIODICALS 
which you have for sale. 
Complete libraries; sets and runs; and single titles are wanted. 
Also please send us your want lists. 
STECHERT-HAFNER, INC., 31 East 10th Street, New York 3 


Your sets and files of scientific journals 
are needed by our library and ay customers. Please send 
us lists and description of ical files you are willing to sell 
at high market prices. J. S. CANNER, INC., Boston 19, Mass. 
(Dept. A3S). 


— YOUR PERIODICALS 


2 need Complete Sets, Runs, Volumes and Single numbers. 
ASH IN on your periodical accumulations NOW! 
couuece LIBRARY SERVICE @ Dept. A, Box 311, N. Y. 3 
Also send us your list of wants ——<—_—__— 


CLOSEOUT—Dvorine Pseudo-Isochromatic Charts—2 volumes— 
130 plates—formerly $25.00—while they last, $16.00 complete with 
instructions. Order now. AEL DVORINE, Dept. A, 2328 
Eutaw Place, Baltimore, Md. 2/2 


AMERICAN Cotes, srourhow 
COLLEGE in the different 
BUREAU fields of Science. The 


Positions 
range from instructorships to heads 
partments. 


28 E. Jackson Bivd. 


Chicago 4, tl. Our service is nation-wide. 


SUPPLIES AND EQUIPMENT 


“Your animal is half the experiment’ 


SWISS ALBINO MICE—~ 


ALBINO -W RATS 


. O. BOX 
albino farms * BANK 


PERIODICALS 

Sets and runs, foreign and domestic 

ENT BOOKS 

Entire libraries and smaller collections 
WALTER JOHNSON 

125 East 23rd Street, New York 10, N. Y. 


Doe you have a 


PROGRAM 


of the Cleveland Meeting? 


A limited number of the General 
Program of the 117th AAAS Meet- 
ing recently held in Cleveland is 
available. 


With 304 pages, the Program is also 
a Directory of all Sections and affili- 
ated societies of the Association. 


You will find it invaluable for refer- 
ence. If you don’t already have a 
copy, order yours now—$1.00 per 
copy, prepaid. 


AAAS 


1515 Massachusetts Ave., N.W. 
Washington 5, D. C. 


ANIMAL CAGES AND ACCESSORY 
EQUIPMENT 
BUY DIRECT FROM MANUFACTURERS 
HOELTGE BROS., Inc 
Cincinnati 4, Ohio 
Write for 1950 Catalog 


1919 Gest St. 


WHITE RATS 40c 


Rabbits, . White Mice, 
Write E. STOCKER = Be 


INDEX of REFRACTION LIQUIDS . 
Valuable = for identification of yo and other 
® Solids by the Immersion Method of Microscopy 


@ Range 1.400-1.700, intervals of 0.002, or as selected 
Index Certified to + 0.0002 


@ Range 1.71-1.83, intervals of 0.01 
Write for Price List Nd-S 
R. P. CARCILLE 118 Liberty Street, New York 6, N. Y. 


STAINS 


January 26, 1951 


p OUTFITS.| 


10 WARREN STREET, NEW YORKZ, 
a 


Expvorens 


(The Market Place is continued on page 16) 
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SCIENCE AND TECHNOLOGY 


Periodicals in German and French 


War year issues of 140 medical, scien- 
tific, and technical periodicals. 


German Trade Bibliographies, 1941- 
1944. 


Volumes and issues of recent American 
out-of-print medical journals. 


Books in German and English 


Over 700 titles including reprints of 
German books, many of which were pub- 
lished during the war. 


Write for our Catalogs 


J. W. EDWARDS 


Ann Arbor Michigan 


Bird SPRING DRIVEN 
KYMOGRAPH 


@ SIMPLE TO OPERATE 
@ ECONOMICAL TO OWN 


@ PRECISION DESIGN 


Speeds from 3 cm. to 500 cm, per minute, 
Can be rewound while in operation with- 
out disturbing speed. 


WRITE: 


Phipps & Bird 


RICHMOND, VIRGINIA 
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SUPPLIES AND EQUIPMENT 


FREE CATALOG No. 677.. 


Lists more than 300 items for Research — 
Biological, Microbiological, Bacteriological, 
Biochemical, Nutritional. Write 


GB 72 LABORATORY PARK 
CHAGRIN FALLS, OHIO 


LABORATORY ANIMALS Doss BATS 


CATS PIGEONS HAMSTERS 

e Clean healthy well-fed animals) MICE POULTRY GUINEA PIGS 
Guaranteed suitable for your needs. 

JOHN C. LANDIS + Hagerstown, Md. 


All Amino Acids (natural, synthetic, unnatural), 
Rare Sugars, Biochemical Products, Reagents, New Pharma- 
ceuticals in stock. Write or phone PLaza 7-8171 for complete 
price list. 


BIOS LABORATORIES, INC. 17, Wt Sirest, 


SPRAGUE-DAWLEY, INC. 


Pioneers in development of the 
standard laboratory rat 


Box 2071 + Madison 5, Wisconsin * Phone 36134 


GLYCOCYAMINE— pretine, L-Methionine 
e@ AMINO ACIDS e BIOCHEMIC 
e@e PRE-MIXED MICROBIOLOGICAL ASSAY MEDIA 
H. M. CHEMICAL COMPANY, LTD. 
144 North Hayworth Avenue Los Angeles 36, California 


© HYPOPHYSECTOMIZED RATS 


Shipped to all points via Air Express 
For further information write 


HORMONE ASSAY LABORATORIES, Inc. @ £08 58th 


YOU can TELL and SELL 
over 32,000 top scientists 
here .. . at a very low cost. 


Your sales message in an ad this size costs only $35.00 at the 
one- o- rate— less for multiple insertions. And th the results !— 
well, here’s what one of the many satisfied advertisers in 
SCIENCE has to say... 
“SCIENCE is consistently our most ofitable 
medium. Business secured solely thru SCIENCE ads 
has been the backbone of our success in this field.”” 


Prove to yourself the effectiveness of SCIENCE in i 
your Market, Sales, and PROF ITS—send your “Copy” Now 
—in time for the February 9th “Proceedings Issue”—or if 
further information is desired write for Rate to’ Card No. 27B. 


SCIENCE @ 1515 Mass. Ave., N.W., Wash. 5, D. C. 


Science, Vol. 113. 
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“ELECTR PHORESIS 
APPARATUS 


A Complete Electrophoresis 
and Schlieren Laboratory: 


Built-in regulated and stabilized power supply 
. no “B” batteries. 


Integral refrigeration system . . . no ice cubes. 


Internal rapid dialysis facilities. .no addi- 
tional refrigerator. 


Base for sturdy support . . . no special table or Apparatus Constants 

_—— Physical Dimensions—Base unit, 24 x 18 x 13 
All optics in air-conditioned space . . . no drying inches; over-all height, 4634 inches. 

agents. Optical Path Length—90 inches. 

Cells available for adsorption, diffusion, and Screen Size—31%4 x 4% inches (standard cut film). 


ive work. 
macro-preparative work 


Price of the Aminco Portable Electrophoresis Apparatus, 


ready to plug in, and complete with cell, holder, and Current Range—1-30 milliamperes. 
accessories required for immediate operation . . . $2500, 
F.O.B. Silver Spring, Md. A.C. Ripple—less than 0.03% of total current. 


An unretouched dia- 
gram, actual size, of 
pathological human 
serum. 


WRITE FOR BULLETIN 2281-K 


AMERICAN INSTRUMENT INC. « Silver Spring Mi. 
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Through... 
0 SPENCER Research 


Comes a Complete New 


Series of 


MICROTOME 
KNIVES 


AO Scientists are constantly searching 
for better materials and improved 
methods for manufacturing supe- 


rior microtome knives. 
Made of tough, improved , 


steel rigidly controlled eS 


during heat treatment for 

grain size, carbide size, and 

hardness, these new knives are 
carefully ground and honed on rev- 
olutionary new equipment. As a result 
the edge is keen, straight, and extremely 
wear resistant. “Mirror finishing” gives 
extra corrosion resistance. 

Discover for yourself what the extra 
quality and uniformity offered by these 
competitively priced AO Microtome 
Knives can do to improve your specimen 


sections. See your AO Distributor or 
write Dept. N4. 


American Optical 


INSTRUMENT DIVISION « BUFFALO 15, NEW YORK 
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